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THE EAST SIDE LEVEE AND SANITARY DISTRICT

By T. N. Jacob,*

Member of The Engineers' Club of St. Louis.

[Read before the Club, June 2, 1915.]

The East Side Levee and Sanitary District is the legal name
given to the drainage district organized in December, 1909, to pro-

vide sanitation and flood protection for the following defined terri-

tory :

The boundaries of the district embrace an area of 96.36 square

miles, all of which is low ground and which is a part of what is

known as the American Bottoms, extending from a point two
miles north of the village of Mitchell to Prairie Du Pont Creek
on the South, a distance of 18 miles. The boundary lines do not

at all times follow fixed topographic features, but generally speak-

ing, the Western boundary is the left bank of the Mississippi

River and the Eastern boundary the Bluffs. The cities in the

District are East St. Louis, Granite City, Madison and Venice,

and the villages of Cahokia, National City, Brooklyn, Nameoki
and Mitchell.

Because of the fact that all of the ground in the District is

lower than the flood plane of the river, it was necessary to build

"Consulting- Engineer. East St. Louis, 111.
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2 the east SIDE LEVEE.

levees. It was also necessary to provide satisfactory facilities to

take care of the surface water of a large drainage area and to sup-

ply means for passing the water of the local streams through the

levee. The largest and most important of the local streams are

Cahokia Creek, which has its source near Litchfield, and the

Prairie Du Pont Creek. The former has a catchment area of 382

square miles and the latter one of 65 square miles, making a total

of 447 square miles of drainage to be taken care of.

The matter of flood protection and drainage was given desul-

tory attention ever since the advent of the first settlers. Many
ditches were dug and quite a number of levees were thrown up,

but no comprehensive scheme was started. No plan having as its

aim and purpose the final settlement of all East Side flood and

drainage problems was evolved until the flood of 1903 centered

public attention on the urgent necessity of establishing a complete

and adequate system. Virtually all of the levees of that time were

inadequate and were destroyed by the 1903 flood, which was sec-

ond only to the flood of 1844. This impressed on the inhabitants of

the district the necessity of establishing a comprehensive system

of levees of sufficient dimensions to protect them against the max-

imum flood conditions.

Mass meetings were held, plans discussed, investigations and

reports made by Government officials and discussions carried on

in the press. Out of this came the East Side Levee Association,

an organization of business men, who gave freely of their time

and money. A fund of $25,000 was raised to develop a per-

manent organization properly empowered to handle all phases of

the situation. A Board of Engineers consisting of Col. O. H.

Ernst, Maj. T. G. Dabney and Maj. Harrod, and known as the

Ernst Board, investigated and reported favorably on the proposi-

tion, as had also a Board of U. S. Army Engineers. The report

of the Ernst Board was used in preparing a bill that was enacted

into law by the Illinois General Assembly giving the necessary

powers to meet the conditions. This was followed in December,

1909, by the election of a Board of Trustees. This Board ap-

pointed Col. J. A. Ockerson, Consulting Engineer, and the writer

Chief Engineer. The Engineering department immediately pro-

ceeded to collect data. A topographic survey, covering 127.5

square miles, was made, and from the data thus collected a topo-

graphic map was prepared on which are shown contours, two feel

apart in elevation, and all natural and artificial features. From
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Map of the East Side Levee and Sanitary District, Showing- Boundary
Line and Flood Protection Works.



4 THE EAST SIDE LEVEE.

permanent points established by the Mississippi River Commis-
sion base and control lines were established, with transit and tape.

Topographic features were located by stadia. Elevations were

determined by wye levels. All important lines were checked by

repeating. The true geographical positions of all important points

were found by careful calculations, and in this manner field

errors were located and corrections made.

While the surveys were in progress, studies were made from

which was prepared a GENERAL PLAN OF SANITATION
which was adopted by the Board. All of the construction work
done has been based on the lines of this general plan. The esti-

mated cost in this general plan was $6,500,000.

Diversion Channel.

Cahokia Creek Diversion Channel diverts the run-off from

259 square miles of its drainage area. The Ernst Board seriously

considered this plan, but did not recommend it, because, as a

member of an Army Board, Col. Ernst had previously recom-

mended the construction of a canal from near the Merchants'

Bridge to Alton on the Illinois shore, which such a diversion chan-

nel would intersect. Maj. Dabney told the writer a few months

ago that he was glad the plan was changed so that this diversion

could be made. The Ernst plan proposed a channel for Cahokia

Creek by enlarging the old channel, and, following a more direct

route from near Poag to near Monks Mound, and from there to

Prairie Du Pont Creek, a new channel 300 feet wide on the bot-

tom ; Prairie Du Pont Creek, also, was to be straightened and en-

larged. The proposed channel was to have levees on either side

to take care of back water. The Cahokia Creek Diversion, as

adopted and built, is 4.5 miles long, 100 feet wide on the bottom,

has a slope of 2.0 feet per mile, and a vertical drop of 9 feet, one-

half mile from river. The "drop" is necessary because the

shorter distance to the river by the new channel made it impos-

sible to utilize all of the available fall in slope. The channel is

crossed by nine bridges,—five railroad and four highway. The

material excavated was used to construct a levee on each bank,

50 feet from the edge of the cut. The South levee forms the

North levee of the District, which is extended to the Bluff. The

contract price on the earthwork was 16.95 cents per cubic yard.

One contractor, with six drag line scrapers, took out 1,500,000

cubic yards in nine months. The cost of all bridges was borne
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G THE EAST SIDE LEVEE.

by the District, as under the Illinois law the railroads are not re-

quired to build bridges over new channels, but by agreement with

the District the railroads will maintain them. The railroad bridges

are of the girder type ; the C. P. & St. L.. and the C. & A. have

Plan
^^TopSlab Reirrf wHti A"°ffats,
SpS5l&&?^_ 9"G- to G- bath ways, Cbi

B.416.0

ways, Concrete l~3S

<-Stee/Sheet

.

Piling, 30 long

Section A-B
EJ.436.0

£1.421.0
El.417.0

Top ofBacir Wal/
Front

^_BqttorhgfQmine/_ .--

Bottom of Vertical Walls, El.405.0

*£?'V£?W§////£tfMQM^///£JMg?> '£?Wlg/»t&M4g?///iS?>»lg'»>i

Front Eleva+ion

Check Weir and Drop, Cahokia Creek Diversion Channel.

concrete decks ; the wagon bridges have concrete floors. All the

bridges have concrete piers and abutments supported on pile foun-

dations. The total cost of this channel was, in round numbers.
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$900,000. About 25,000 acres have been reclaimed and the drain-

age problems of the District are much simplified.

The 25,000 acres of which I speak are those South of the chan-

nel. The Diversion Channel by diverting the head waters of the

creek to the Mississippi River eliminates the creek as a flood

menace and permits the land to be cultivated continuously, which

of course greatly enhances its value.

Levees.

The standard specifications for the levees are : Crown, 8

feet : river slope, 1 on 2
;
land side, 1 on 3. The slope of 1 on 2

for the river side was adopted after it was decided to revet this

slope with a concrete slab -A inches thick. The purpose in chang-

ing from the Mississippi River Commission standard of 1 on 3

^El.437.50
*-"*• / ^7k^ Top ofLevee
6 Concrere <3%^

/Ipron--.

Presen-r Ground Surfaced

A
Id"P!#e
Drain

Levee with Reinforced Concrete Apron, Merchants' Bridge Approach.

was primarily to decrease the amount of concrete slab required.

The height is further increased 2 feet above the grade line by a

topping of this amount that is rounded off. The standard re-

quirements of selecting material, preparation of base, and a muck-

ditch are followed. As yet funds are not available for building

the concrete slab, but a very good bluegrass sod has been pro-

vided.

At Mitchell, owing to very limited space and other topographic

conditions, a concrete wall serves as a flood barrier. I am pleased

to say that the C. & A. Railroad Company gave the Trustees

the right of way for this wall. From the Diversion Channel to

the north end of the wall at Mitchell, and from the south end of

the wall to a point about }i mile above the Merchants' Bridge

approach, the levee is built of material borrowed from the side

;
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the balance, south to the Wiggins Ferry Company's property, is

built of clay, hauled in by train. On the section built by side bor-

row method the usual specifications were followed
;
the clay fill

will be described later. The team work cost from 11 to 1 8 cents

per cubic yard, according to local conditions.

Drainage Through Levees.

In all cases where drains pass through the levees they are pro-

vided with automatic gates on the river side and hand power gates

on the land side.

Water Mains.

The Granite City Water Supply pumping station is outside of

the levee on the river bank. The force mains leading to the dis-

tribution system pass under the levee and are enclosed in a con-

crete tunnel, closed on river side by a concrete wall and open on

95' -
>j

Ribs every 21-ft A f
0>

\

"^(Joints every
\
B

29 ft.

~*KJ-S"x %"Ht>als,gr.ioC. .

l"R<x1s,9"C.ioC. b?.H
...raLat. ^iH-Jk 'B'-er-

Section A-B

Concrete Tunnel Through Levee, for Granite City Water Mains.

the land side. Should a break occur in the section of main under

the levee the water would pass out of the tunnel without damage

to the embankment.

Clay Fill.

Clay from the bluffs was chosen for this section of levee for

three reasons. First, there was no side borrow material avail-

able. Second, the quantity of material and section made the

hydraulic method impracticable. Third, satisfactory material

convenient to the railroads was available at several points that

made competition keen. The clay was obtained on the Big Four

Short Line, about 20 miles from the levee, and was loaded by

steam shovels on 30-yard air dump cars. A pile trestle was

built along the center line of the levee, the cut-off being 3 feet

below grade. Spreading was done with a locomotive spreader
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and the slopes were completed with teams and scrapers,

work cost 4S cents per cubic yard.

This

Revetment.

As stated, the concrete slab has not yet been applied to the

levee, but the Merchants' Bridge approach embankment, that

serves as part of the levee, has been protected up to the grade line

of the levee with a concrete slab that is very satisfactory. The
first 500 feet of the levee from the bridge approach is reveted with

limestone riprap and on the balance, down to the Wiggins Ferry

property, furnace slag is used. Tbis slag comes in pieces ranging

River Front Levee, East St. Louis, 111.; View Taken from Bads Bridge;
St. Louis Municipal Bridge in Distance.

from y2 inch to 6 inches in size, is much heavier than limestone

and does not disintegrate. About 50 per cent of the material is

foundry sand. A trench about three feet deep is dug at the toe

of the levee and filled with slag. The slope is covered to a depth

of two feet. This is a waste product of the foundries and it is

furnished free to the Trustees at the foundry. The railroad de-

livers it for $1.00 per car on tracks owned by the District, on top

of the levee ; unloading and spreading is all done by hand, the

cost of the completed revetment being about ]/z that of limestone

riprap.
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The Levee of the Wiggins Ferry Company.

The levee protection on the property of the Wiggins Ferry

Company, by an agreement entered into with the Trustees, is

being done by this Company and is a part of a reclamation scheme

by which all of their land along the river is brought above ordi-

nary flood level and also protected from maximum floods.

The method is as follows : A pile bulkhead is driven and

filled with heavy stone, about 24 feet inside of the outer harbor

line. The top of the bulkhead is 3 feet above the low water

mark. Beyond this there is a willow mattress 80 feet wide,

weighted down with stone. These form the protection for the toe

of the new embankment, which is made of material pumped from

the bed of the river by an electrically driven hydraulic dredge.

The Government requirements are that there shall be no structure

between the harbor lines extending above the harbor slope, which

is 30 feet on 250 feet, or one on eight, approximately. The slope

is protected by limestone pavement, nine inches thick, on a cov-

ering of crushed stone, 4 inches thick. The inside slope is made

very flat and is occupied by railroad tracks. The levee section

here is much in excess of the usual section. The section built

by the Wiggins Ferry Company is about 3 miles in length and

will cost about $1,600,000. The south end is on the ripht bank of

Cahokia Creek. From this point to the tracks of the Southern

Railroad, about 600 feet, the District built the levee of clay from

one of the quarries near Falling Springs, and also constructed a

temporary timber culvert which is divided in 3 vertical compart-

ments, each 7 feet by 16^ feet, provided with steel flood gates,

which are hung vertically and close and open automatically by

the water pressure. No pumps have as yet been installed. The

plan is, to first build the levees and then follow with the drainage

ditches and pumps as funds become available.

The Trustees will soon let contracts for the completion of the

levee in the lower portion of the District and will follow as funds

are available with the work of draining and correcting any un-

sanitary conditions that may exist. (Bids for the remaining

portion of the levee were opened early in July. This section,

amounting to about 800,000 cubic yards, extends from the mouth

of the Cahokia Creek to the southern boundary of the District,

a distance of three and one-third miles. This will be built of
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clay, hauled in by train, an average distance of about ten miles.

The lowest bid was 30 cents.

—

Ed.)

So far about $1,000,000 has been expended. The funds are

raised by bond issues which are paid from moneys received from a

tax levy on both personal and real estate property ; this now
amounts to nearly $100,000 per year.

[Note—Further discussion of this paper is invited, to be received by-

Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]



BOILER FAILURES AND WHAT THE AMERICAN SOCIETY OF
MECHANICAL ENGINEERS IS DOING TO PREVENT THEM

By E. R. Fish,*

Member of The Engineers' Club of St. Louis.

[Read before the Club, June 16, 1915.]

The use of vessels for generating steam under pressure is, of

course, as old as the use of steam itself, and for just that long

there have been boiler failures of different kinds. Beginning with

low pressures, imperfect and ill-suited materials, mediocre work-

manship, and unscientific designs, the art and practice of boiler

making has steadily progressed. We are, however, still far from

perfection as is evidenced by the continued disasters of varying

magnitude.

Much has been written on the subject of boiler explosions, but

Prof. R. H. Thurston was the first to put the subject in concrete

scientific shape, and from his writings I quote freely, for he ex-

presses conditions far better than I possibly can. He gives the

following principles :

1. "That steam boiler explosions are always the result of

well understood causes and are only mysterious, in any case, in

the sense that available evidence may not point out with certainty

which of the various well known causes may have operated in the

given case.

2. "Boiler explosions are always preventable. It is always

practicable to so design, construct and manage steam boilers that

there shall be absolutely no danger of explosion.

3. "That the proper course on the part of the designer, build-

er and user is to first use forms of boilers, wherever practicable,

such that, as Col. John Stevens said a century ago, 'their explosion

shall not be dangerous even should over-pressure occur.' Th&

same idea was enunciated by Fairbairn. Insure next good and

well tested materials, good and well inspected workmanship and

uniformly skillful management by men of experience and reliabil-

ity. Regular, effective and thorough inspection constitutes a part

of good management and an essential part. 'Steam boilers are

magazines of energy forcibly restraining explosive powers of such

magnitude as few can compute or realize.'
"

*Vice-President and Secretary of the Heine Safety Boiler Co.
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As an example I select from one of the tables he calculated

covering a number of different types and sizes of boilers, a return

tubular boiler of sixty horse-power working at 75 lbs. pressure.

The weight of such a boiler is approximately 9,500 lbs., the water

it contains weighs 8,200 lbs., and steam 21 lbs. The available

stored energy in the water is 50,008,790 foot-pounds ; in the steam,

1,022,730 foot-pounds, or a total of 51,031,520 foot-pounds, which

is sufficient to project the boiler only to a height 5,372 ft., with an

initial velocity of 588 foot-pounds per second.

Quoting further from Thurston

:

"It is seen that the energy stored in the steam boiler, in the

form of heat, is mainly that of the heated water and comparatively

little resides in the steam ; so that it follows that a boiler well filled

with water is vastly more dangerous in case it explodes, than if

exploded as a consequence of low water. * * *

"Comparing the energy of water and of steam in the steam

boiler, with that of gunpowder, as used in ordnance, it will be

found that, at high pressures, the former becomes possible rivals

of the latter. Taking the value of gunpowder at what the writer

would consider a fair figure, 250,000 foot-pounds per pound, it is

seen that a cubic foot of heated water, under a pressure of 60 or

70 pounds per square inch, has about the same energy as one

pound of gunpowder.

"A powder magazine under one of our modern tall buildings,

or under the sidewalk in Broadway, would be objected to very

seriously by citizens compelled to make that great thoroughfare

their daily walk, and if compelled to submit to its threatening pres-

ence, they would certainly insist upon the most stringent precau-

tions being taken to insure safety against the liberation of its

stored energy ; but scores of steam boilers are so concealed and

the laws of the city and state relating to their care are of the

most lax and ineffective character.

"Good design, good workmanship and good management have

been said to be the three safeguards against destructive explosion.

Good design, in any case, presupposes a well read, well educated,

and an experienced designer.

"Good construction involves the selection of good materials

and their proper use in building the boiler. This means, in turn,

iron, or more commonly steel in which ductility and toughness,

rather than simple strength, are the special characteristics, and
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perfect uniformity in the several sheets of which the boiler is

made up. Good construction involves the exact production of the

required forms of parts and their riveting, or welding, together

without loss of strength or introduction of stress. Good manage-

ment means the regular and moderate firing of the furnace, con-

stant inspection of the parts liable to corrosion or other injury,

and maintenance in as perfect condition as possible by constant

repairing of injured parts. It also includes the periodical in-

spection and test which now constitute the basis of insurance.

"All failures are due to preventable and familiar causes that

might be evaded by the designer, the builder or the operator.

Whatever may be said of the many known and possibly unknown,

the certain, the probable and the possible causes, mysterious or

otherwise, of boiler explosions, it is certain that a boiler is prac-

tically safe for all time in the hands of a good engineer or fire-

man if originally well designed, well constructed and properly set.

Its safety is assured by a correct system of inspection either on

the part of the person in charge or of the official inspector or,

more usually and properly, of both working together honestly and

in good faith. A correct system of inspection is the check upon

every defect of design, of construction and of operation.

"Inspection should be made at fixed regular intervals, should

be conducted by an inspector experienced, reliable, of good judg-

ment and absolutely conscientious. He should be accompanied

in his inspection by the responsible man in charge of the boiler,

and his examination should be deliberate, thorough and unim-

peachable. The time should be so chosen that the work may be

done satisfactorily, without haste or interruption. The method

should be—careful examination by eye, hand and a light ham-

mer, of every sheet, stay, brace, tube and rivet in the boiler. De-

fective riveting, the most common defect, should be looked for in

every seam. Cracks in the seam, under the lap, are not unusual

and are very difficult to find in many cases, but if undiscovered

they will be likely to prove, disastrous. Corroded sheets and tubes,

bad bracing, sediment and incrustation are all promptly detected

and readily visible in any case. The thickness of thinned sheets,

corroded on either side, or of blisters, may be judged by the ac-

tion of the sheet under the hammer, and many defects, entirely

invisible, are found by the experienced insoector by the hand and

ear, reinforced by the use of this tool. It is evident that no in-

spection worthy the name can be made unless with the boiler dry
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and empty, and accessible in every part. A design which does

not permit this should be condemned offhand. Tests by hydraulic

pressure, though useful, and in the judgment of the writer, in-

dispensable, cannot be, in any case, allowed to supersede the real

inspection above outlined.

"Whatever may be the fact, however, more perfect and ef-

fective methods of inspection must be legally introduced and well

enforced before the steam boiler explosion can become extinct,

with its resultant destruction each year of hundreds of lives and

millions of dollars' worth of property. With such methods, uni-

versally practiced, steam boiler explosions will become unknown."

Written some 20 or 25 years ago the advice thus given has

been to a considerable extent followed, but there still remains

much to be accomplished, particularly as regards proper state

legislation.

There are approximately 1,500 explosions of varying intensi-

ties each year in this country, averaging 400 or 500 killed and

700 or 800 injured and many hundreds of thousands of dollars

damage to property.

General methods for proportioning the several dimensions of

the boiler structure have long been known and in general use,

although modified from time to time by tacit consent as experi-

ence or new and improved materials and methods became avail-

able. These rules, if such they may be called, have varied greatly

in details in various places, depending on the personal opinions

and experiences of the man or men formulating them. It can

readily be appreciated that with the great multiplication of such

regulations which has been going on in the past few years, manu-

facturers who do a wide interstate business, have become con-

fronted with a condition that is hard to meet. In addition there

are the infinite variety of private specifications written by con-

sulting engineers and others that differ through exceedingly wide

limits, and which represent the judgment of one or at best a very

few men. Under such conditions it is impossible to manufacture

economically, for a boiler built to meet the requirements of one

place may be rejected in some other locality.

In 1005 there occurred in Brockton, Mass., an explosion which

caused $250,000 damage, the loss of 58 lives and 117 injuries.

This aroused the State of Massachusetts to action, the result of

which was the enactment of legislation providing for the licensing
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of engineers and firemen, and governing the construction, instal-

lation and inspection of boilers. A board for boiler rules was
created for the purpose of formulating construction standards.

Its labors resulted in the most complete, scientific and logical set

of regulations that had ever been promulgated. These rules have

been quite extensively copied all over the country. However,
the need of regulations that would represent the consensus of

opinion and experience of the whole country rather than that of

any one locality, prompted Col. E. D. Meier, when president of the

A.S.M.E., to appoint a committee to formulate such rules. After

more than two years' work,—real work, after numerous and

lengthy discussions, often heated and acrimonious,—the A.S.M.E.

Boiler Code, as it is popularly known, has resulted and represents,

as nearly as it is humanly possible and what those who are best

qualified to know believe to be, the best boiler practice. There

is much in the Code that is absolutely new. Probably only such a

body could have prevailed upon certain antagonistic manufactur-

ers of materials and fixtures to get together and agree on uniform

specifications for their products. This is notably the case with

safety valve manufacturers and tube makers. Possibly the most

remarkable achievement is the very definite regulations relative to

safety valves, most of which is entirely new. This Code covers

the construction of stationary boilers and allowable working pres-

sures, and is divided into two parts. Part 1, Sec. 1, applies to new
installations of power boilers, and Part 1, Sec. 2, applies to new in-

stallations of heating boilers. Part 2, applies to existing in-

stallations. Obviously, it is necessary for considerable leniency

to be extended to boilers now in use. To do otherwise would

work a tremendous hardship on thousands of steam users.

In brief, the subjects covered by the Code are indicated by

the sub-headings: "Selection of materials," wherein is specified

what grades of materials may be used for various parts and

places; "Ultimate strength of material used in computing joints,"

in which unit stresses forming the basis of calculations are given

;

"Minimum thicknesses of plates and tubes," to prevent "skin-

ning" the job ; specifications for boiler plate steel, rivet steel, stay-

bolt steel, steel bars, steel castings, gray iron castings, rivet iron,

stay-bolt iron, and tubes, all of course, as pertaining specifically

to boiler practice. Then following under the heading, "Construc-

tion at maximum allowable working pressure for power boilers,"

are detailed rules for determining strengths, the efficiency of joints,
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etc., with examples and stating in what way much of the work

shall be executed. Then come the subjects of manholes, wash-

out holes, threaded openings, safety valves, water and steam

gauges, fittings and appliances, wherein are given methods for de-

termining quantities, sizes, limitations as to location and kind of

metals to be used. Some general regulations as to setting to pro-

mote safety in operation are given, how hydrostatic tests shall

be made, and finally the method of stamping to show the conform-

ity of the structure with the Code.

The rules covering boilers used exclusively for heating, cover

substantially the same ground, but are much more brief. In Part

2, appear the rules for determining the working pressure to be

allowed existing boilers, and what fittings must be provided and

how applied. These will require many minor changes if the

Code is followed, but there are none but what should be made in

any event. This section also provides for the gradual amortiza-

tion, to use a commercial and financial term, of boilers now in

use and not built to the Society standard. An appendix gives full

examples of various riveted joints and the method of calculation,

as well as of braced and stayed surfaces and the method of com-

puting safety valves. Also how fusible plugs should be located in

the various types of boilers and standard dimension for flanged

pipe fittings.

In my opinion it is amply sufficient for any one desiring to

purchase a boiler plant, after having determined the working

pressure and the size and type of units required, to merely specify

that the boiler is to be built according to the A.S.M.E. Code. By
so doing he will get from any reputable manufacturer a well

constructed structure entirely suited to its purpose. If preferred,

the material and workmanship may be checked by some inspect-

ing agency. From a manufacturer's standpoint my plea is for

country-wide uniformity of requirements, and this the general

adoption of the Code makes possible. It couples together eco-

nomical manufacturing with the all-pervading cry of Safety First.

In compiling this code, therefore, the A.S.M.E. has provided

a substantial basis for specifications and legislation of all kinds.

It cannot go further than to say that this is, in the estimation of

those best qualified to judge, the most rational code of rules and

regulations for boiler construction. The enforcement must be

left to the activities of other agencies. A very considerable num-

ber of the boiler manufacturers of the country have already got-
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ten together on two occasions; first, on September 19, 1914, and
again on March 29, 1915. The avowed purpose of these meet-

ings was to further the universal use of the Society's Code, and
at the last named meeting it was unanimously endorsed and steps

taken to launch a movement to prevail upon the various states to

enact legislation to put the Code into legal effect. It seems im-

practicable to do this in any other way. The State of Ohio has

already done so. The State of Wisconsin will, in all probability,

do so to be effective January 1, 1916.

Educational movements will have to be started in various

other states, in order to be at all sure of any success at future

state legislative sessions. Last fall it was hoped that the Code
would be completed in time to present the matter definitely to

the numerous legislatures that were in session early this year,

but that proved to be impracticable. One of the forms of educa-

tion is to persuade those who have positive ideas of their own
that such should be subservient to this broader consensus of

opinion. Only by so doing can country-wide uniformity, that is

so exceedingly desirable, be attained. Already there are some ob-

jections raised to minor points which indicate that there are dif-

ficulties to be overcome in arriving at the desired end.

That this effort of the Society will help tremendously in pri-

marily bettering boiler construction generally, and secondarily, in

smoothing the way of manufacturers, thus redounding to the

financial benefit of the user, needs no further argument. It has

already attained such momentum as to make it a powerful factor.

It can truly be said that what the A.S.M.E. is doing to pre-

vent boiler failures is something that could have been done by no

other organization and that the effect will be far-reaching and

long continued.

[Note—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-

sequent number of the Journal.]



THE PAVING OF STREETS

By H. J. Fixmer.

[From Thirtieth Annual Report, Illinois Society of Engineers and
Surveyors.]

The paving of streets and roads is being- gradually re-

garded as a subject requiring expert knowledge, and not to be
determined by an individual's prejudice, convenience and
taxes. There are many general qualities which pavements
must have to prove satisfactory. They should be designed to

conform to the condition of use and provide for adequate ser-

vice. General rules may be adopted and rational formulas

followed, but their use must be based on reason and an ob-

servance of the peculiarities applying to the particular prob-

lem in hand. We should not adhere too closely to "standards"

so-called, which, while designed to reduce work and perhaps

promote efficiency, tend to eliminate freedom and thereby dis-

courage experiment, discovery and progress.

There should be good and definite reason for every ele-

ment entering into the rational design of pavements, as con-

trasted to the "rule of thumb" methods so commonly used.

The engineer building pavements should be impressed with

the fact that his work is of common use and continuously in

evidence, and should therefore make every effort to secure the

best results.

Reasons for Paving.

The reasons for paving the street must be explained to the

general community, and must be borne in mind by the en-

gineer when preparing his recommendations and designing

the pavement. The reasons and the results to be secured

therefrom are : 1. Decrease in cost of transportation (20 cents

to 5 cents a ton mile). 2. Increased fire protection (speed

doubled and certainty of service). 3. Establishment of a

permanent grade (necessary for comfort of traveling public

and for permanent construction). 4. Improvement of the

general appearance and beautification of the town. 5. Im-

provement in sanitation, health and drainage (eliminate dust,

stagnant water, etc.). 6. Facilitation of social intercourse; by

rendering pleasure driving and pedestrian traffic easy and

'Division Engineer, Board of Local Improvements, Chicago, 111.
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agreeable. 7. The enhancement of property values (at least
twice the cost of paving- can be added to values). While
these results are to be realized in city pavements, they should
in great measure be sought after in the building of country
roads.

Roadway Widths.
As a general policy, the length of road improved is more

important than the width. This rule does not often apply to

city streets. The determination of proper width of roadway
is an extremely important element in design. A traffic census
is often desirable, but unless it is truly comprehensive, more
can be learned by direct and frequent observation of the

street. A traffic census must give not only number of vehicles,

but the different kinds of vehicles, kinds and sizes of tires,

wheel loads, rates of speed, space required for storage and
parking, and character of adjoining property.

It is customary to allow 8 ft. in width to each line of vehicle,

reducing this width as shown in Table 1. Where two car

tracks are built, not over 10y2 ft. c. to c, 20 ft. is allowed

for the free movement of the cars. Table 2 shows width and
length of typical vehicles found in Chicago.

Unless the traffic exceeds or promises to exceed 5 to 10

vehicles a mile in either direction, 9 ft. width should prove

ample on country roads. It is better policy to build a so-called

Table No. 1.

Width of No. of lines

roadway in Type of street usually applied to. of vehicles

feet provided for.

9 Ave. or light traffic road 1+
16-18 Side res. st. or double rdwy. sts. 2

24 Residence streets 3

30 Res. streets and business streets 4

38-42 Business and car line streets 5 (4 on car line)

48-52 Business and car line streets 7 (6 on car line)

60 / Bus. and car line sts. and blvds. 8 (6 on car line)

Table No. 2.

Kind of Vehicle.

Delivery wagon
Single truck
Large truck
Newspaper truck
Touring car
Auto truck

Width—Hub to Hub.
Feet.

Length—Back to Curb.
Front Wheels at Rt. Angle.

Feet.

8.7

11.4

12.8-14.0

14.75
10.0-16.0

12
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"permanent" road 9 ft. wide (with 5-ft. earth shoulders on
each side) than a poor road 18 ft. wide. In view of the fact

that perhaps over 90 per cent of the time the vehicle occupies

the middle of the road, and even in practice on the wider road

usually prefers to suffer the slight inconvenience of turning

out occasionally in order to ride on the more comfortable or

acceptable part of the road, it appears logical to give due
weight to this factor of "practical use." If a 9-ft. permanent
road is built, additions can always be made whenever the

traffic warrants it, and would be indicated by a traffic census

or by excess cost of maintenance of the earth shoulders. When
.consideration is given to the habits and needs of the users of

the roads, the soundness of the policy that length of permanent
road is more important and desirable than width is soon

appreciated.

In city pavements, the use of the streets for "storage," or

rather provision for vehicles to stand alongside or back up

to the curb in front of abutting property, must be considered

and is a vital factor in ascertaining the rational width of road-

way. Take the case of a street having many warehouses,

where large trucks back up to the curb to handle goods. After

finding this condition prevails on both sides of the street and

that allowance must be made for two lines of moving traffic

between the "standing" trucks, we would determine the road-

way to be not less than two times 8 ft. plus length of truck

back in position. From Table No. 2 this would give two times

8 plus 14, or 44 feet. In residence districts, where connecting

streets are paved as a system, the roadway on all streets where

the lots front are made 24 to 30 ft. wide and side frontage

streets 18 to 24 ft. wide. The curb corners are built to a

radius of 3, 6 or 8 ft.

Congested Roadways.

Perhaps the most serious condition in securing adequate road-

ways exists on streets having a double track car line. These are in-

variably business streets and require storage space for vehicles

and automobiles. On such a street, providing for two lines each

of street railway cars, moving vehicles and standing vehicles, we

find a width of 2 (8+7-f-lO), or 50 ft. is required. If the moving

traffic is expected to use the car tracks, and the service on the

street railway is infrequent, the width may be reduced to 2
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(8+10), or 36 ft. A roadway width of 38 to 48 ft. in this case

would be wasteful.

On a certain main artery in Chicago, where a double car line

exists and the roadway is generally but 38 ft. wide, with stores

continuously on each side, the delay occasioned to the passengers

on the street cars by teams and vehicles turning on and off the

tracks to pass standing vehicles amounts to an average of 2 min-

utes per mile traveled. This means that each passenger living an

average of 5 miles from his work, loses twice five times two

(or 30) minutes a day. Assuming a value for his time of only

30 cents an hour, the total extra loss to the car users equals the

gross receipts of the street railway company. This sum capital-

ized indicates the sum that might be employed to reduce, or

rather, remove the existing street congestion.

A street car that makes good time attracts more people and

gives more time to shop, while it distributes business uniformly

along the street. For this reason, when a street becomes too

congested it becomes necessary to widen the street in order to

secure ample roadway or place the car line on an elevated struc-

ture or in a subway. It is an extremely important question to

decide whether it is better to build a subway in a congested busi-

ness street or use the money to widen the street and keep the car

traffic on the street surface and easily accessible.

Layout of Surface of Pavement.

The contour of the pavement surface is important. For the

purpose of drainage and maintenance the pavement is built with

a convex or crowned surface. Table 3 shows general or constant,

maximum and minimum crown for various types of pavements,

Table No. 3.

Pavement.

Earth
Gravel
Macadam
Asphalt
Asphaltic concrete
Brick
Creo. wood
Granite
Concrete

General or Con-
stant Ft.

.025 to

.022 to

.020 to

.012

.015

.012

.010

.015

.010

030
.025

.025

Chicago

Max. Ft. Min. Ft.

.035

.025

.025

.025

.024

.025

.020

.020

.011

.012

.010

.010

.010

.010
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as followed in Chicago. A formula for height of crown is

C=WF, where C=crown, F=constant or crown ratio, and

W=width of roadway.

As usually built, the surface is either an arc of a circle or a

parabola. Experience has demonstrated that the parabola form
is preferable for residence streets, and the "compro-

mise" form for business or car-line streets, and particularly pave-

ments having macadam base. Country roads can usually be

built with a constant crown since they follow the contour of the

natural surface and have sufficient longitudinal grade. If the

grade is level, the drainage can be taken care of by sloping the

grade of the side ditches. The two forms of crown noted above

are proportioned as follows, C being the crown and the other

figures the offsets below the horizontal line from curb to center.

Curb
Parabola C
Compromise C

With city streets, which are invariably curbed, if the longi-

tudinal grade is not sufficient to carry off the water, drainage

must be provided. This is done by building sufficient sewer

inlets and establishing summits between them whose location de-

pends upon the grade of street, slope required to drain, and the

permissible depths below the curb of the summits and the inlets.

The following formula is given for locating summits (in the

gutter): X=(I-:-2)— (D-J-2R). Here X= distance of summit

from higher inlet ; L= distance between inlets ; R= grade of

gutter (6 in. fall per 100 ft.=.005) ;
D=difference of elevation

at inlets (or usually, difference of elevation of curbs). On a

concrete gutter the assumed value of R should not be less than

.004. For any block pavement, including alleys, this value should

be not less than .005.

The following formula is given for determining depth of

summit and depth of inlet below curb (or grade) to satisfy values

in formula Xo. 2. Here J=depth of inlet below curb (8 to

12 in.) ; K=depth of summit below curb (usually 3 in.). The

formula is J=K+RX+(DX-^-L) or, K=J—RX—(DX-=-L).

The minimum crown from Table No. 3 is used at the summits,

and the maximum crown is permitted at the inlets. This reduces

the grade along the center line of the pavement to about one-half

the gutter grade, and gives a comfortable surface for travel.
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Use of the Street.

In designing the contour of the surface of a city pavement,

there are the often overlooked factors of comfort and safety

of the users of the pavement ; both pedestrian and vehicle traffic.

About ten pedestrians cross a pavement to every vehicle traveling

along that street. In practically all streets (of whatever char-

acter) while the ratio may not be 10:1, yet the number of pedes-

trians having occasion to use the pavement in crossing the street,

greatly exceeds that of the vehicles using the street. It should

be rational therefore to so pave the street as to afford pedestrians

the maximum degree of comfort and safety, while not interfering

with the right of safety and comfort of the vehicle users. In

relation to this matter some interesting, if not exceptional

methods have been developed and their success established.

In retail business and residence streets it is the general policy

to eliminate the usual step at all street intersections and alley

returns where pedestrians cross. This is done by paving the

street or alley flush with the curb in line with the continuation

"of the usual 6 ft. sidewalk. To drain the intersection, the catch-

basin inlet at the curb corner is set 4 to 6 in, below the top of

the curb. From the line of the outer edge of the sidewalk the

pavement slopes on a straight line to the nearest sewer inlet. In

residence districts, where there are no sewers in the side frontage

streets, and the catchbasins are already, built in the customary

manner (at the curb corners and in the middle of the standard

600 ft. block) it is often advisable to save expense by a method

originated by the writer. This consists of building a raised

header in the combined curb and gutter with its top 1 in. below

the curb and recessed in the middle of its top for a slab 5 in. x 6

ft. which is an extension of the adjacent 6-ft. sidewalk. The

header is 6 in. thick and is so built as to make the width of gutter

between the curb and header wider at the end nearest the inlet.

The gutter is built with an increased slope under the slab.

The purpose of this arrangement is to render the gutter,

especially under the slab, self-cleaning. The header is connected

to the surface of the gutter by a reverse curve for a distance of

G ft. on each side of the extended sidewalk, or slab cover, making

the header 18 ft. long. This construction has been in use for four

years, and has proved satisfactory. It eliminates the step at the

crossing, covers the usual dangerous opening where a false gutter

is employed, affords a dry and clean crosswalk at all times,
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prevents breaking of curb through expansion of sidewalk, is

self-cleaning, and has a slab cover which is not slippery and

cannot be displaced. The writer secured a patent on the novel

feature of this construction and has given the city of Chicago the

right to use it free of any charge or royalty. At alley returns

the pavement is brought flush with the top of the curbs for the

full width of the sidewalk. At the end of the return, or street

line, the center of the alley is dished at the rate of 1 in. per 5 ft.

of width and this point connected on a straight line to the gutter

line of the street proper, affording good drainage and keeping

the crossing dry and clean.

The ideal solution for a business and two car line street is to

bring the pavement flush with the walk of the business street at

the returns for the cross streets, run the pavement surface at the

gutter line to the curb corner at a depth of about 4 to C> in. below

the top of the curb ; thence around the curb corner to the catch-

basin inlet, located about 70 ft., more or less (depending on the

grade) from the curb corner, at a depth of about 8 to 10 in.

below the top of the curb. This eliminates any step for the main

lines of pedestrian traffic along the business street, but does

present a G-in. step to those crossing the business or car line

street. This tends to cause pedestrians to hesitate before cross-

ing a busy street, and affords a smooth, full width of roadway for

the vehicle traffic along the direction of the busy street.

Regulation of Vehicles.

"Safety first" is a popular motto and certainly applies to the

public use of the street as well as to a railroad. In large cities,

the police regulate the crossing of intersecting streets by both

vehicles and pedestrians in the congested part of the town ; but

elsewhere the pedestrian must take his chance. Consideration is

now being given to the probable necessity of limiting the over-all

width of auto trucks to iy~> or possibly S ft. ; to the width of tires

to carry given loads, as 1 in. width per ton on each rear wheel,

and to the permissible speeds of autos of various tonnage. The

following table has been suggested, and when the economics of

the factors involved are properly considered, some such regulation

will no doubt be enforced. The necessity of limiting speeds is

not only due to public safety but because of the effect of weight

and impact on wearing surfaces and pavement foundations. On
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country roads width of tire, speed and weight are dangerously

important because of the character of roads and highway bridges.

Table No. 4.

Type of Auto

Max.
Speed

miles per
hour

Passenger auto
Auto bus
Empty truck
Truck—Up to 2 tons load
Truck—2 to 4 tons

20 to 30
15 to 20
15
12

10

Type of Auto

Max.
Speed

miles per
hour

Truck— 4 to 8 tons..

Truck— 8 to 12 tons...

Truck—12 to 20 tons...

Truck—20 to 30 tons...

Truck—Over 30 tons

Fundamentals of Construction.

The construction of roads can be divided into five principal

parts, as shown in Table No. 5, which gives the comparative

costs and life of the various components.

Table No. 5.

Cost
Per Cent.

Life
In Years.

1. System of drainage
culverts)

The earth subgrade.

(Sewers, inlets, ditches,

10-20

10-30

20-40
20-50

5-50

20-100
20-100

o The foundation 10-50

4 The wearing surface
*Maintenance

2-30

5

^Maintenance ought to be included as an element of cost, and, while
chargeable almost entirely to the wearing surface, may operate to re-

duce the average cost of such wearing surface because of prolonging
its life.

There are but two approved forms of foundation construc-

tion; namely, macadam (including telford) and concrete. The

thickness and quality of the foundation must be based on the

maximum loads to be supported, and the amount of pressure

which the subgrade will bear, together with the inherent struc-

ural resistance of the material composing the foundation. If it is

assumed that 30 per cent of the total weight of a vehicle is trans-

mitted by each rear wheel, and a 30-ton auto truck is to be pro-

vided for, then we can expect a pressure of nine tons across the

area of contact of tire of approximately 9x6 in., or 54 sq. in.

In the case of macadam, the lines of pressure fall within lines

making an angle of about 45° with the surface, due to the inter-

locking of the stones. The area distributing pressure on the
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subgrade varies directly as the square of the depth or thickness

of the foundation plus part of the thickness of the wearing sur-

face. Hence a thickness of 12 in. would support on a given sub-

grade about four times as much as a thickness of 6 in. Since a

dry, well rolled subgrade will support more than a wet subgrade,

the question of adequate drainage, as opposed to increased thick-

ness of foundation, must be considered. Design can be based on

rational principles, and, if not, then it should be based on direct

investigation at the site in question.

In the case of a concrete base, the failure is more likely to be

due to shear than to tensile failure under beam action. The
strength of a concrete base varies directly as the square of its

depth. Definite information is needed as to the strength of con-

crete under the daily stress of use. A coefficient could be deter-

mined by experiment, by laying, say a 2-in. and a 4-in. base and

subjecting them to various loads at known speeds. With such

knowledge we could design more intelligently. Is a 6-in. con-

crete base of 1-3-6 mix on an undrained clay soil strong enough

to resist the trucks ; if so, with what factor of safety? If not,

what is the economical thickness? It is commonly assumed that

a 6-in. concrete base is equal to a 12-in. macadam base, but is

this true?

Wearing Surface.

A wearing surface is really but a protection for the founda-

tion. The foundation should be built and regarded as a perma-

nent structure, while the wearing surface is usually selected for

qualities other than durability. In all successful construction,

climate, drainage, and traffic must be considered. There are

many types of wearing surface, but they fall within the limits of

the nine kinds enumerated in Table No. 6. This table is a con-

densed summary of other tables based on conditions obtaining

in Chicago. Cost figures are based on the average prices bid.

This table is based on the character of streets for which the type

of pavement is most suitable and usually specified.

In table Xo. 6, the second column is derived from the values

given by the U. S. Dept. of Agriculture (Circular 141), which'

are based on the pavement qualities of cheapness or first cost,

durability, ease of maintenance, ease of cleaning, low tractive

resistance, non-slipperiness, favorableness to travel, acceptability,

and the most important, sanitary quality, such as noiselessness
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and healthfulness. These values will vary depending on circum-

stances, and are interesting in a comparative way only.

Column 5 gives the average or "expected" life of the wearing

surfaces. Column 9 gives the annual cost per sq. yd. to provide

for maintaining the road through proper and timely repairs, in-

terest on the first cost and amount to be set aside, which com-

pounded at 5 per cent would pay for rebuilding both foundation

and top as they wore out. Column 10 shows the relative annual

costs in percentage, with granite block assumed at 100 per cent.

An inspection of table Xo. 6 reveals many interesting things.

Considering the traffic it is subjected to, granite block pavement

is the most "economic." Were macadam used where the granite

block is necessarily specified, it would probably cost four times

as much as the granite block. A macadam pavement is not a

"cheap" pavement, because of the low wearing value of the sur-

face and the low salvage value of the base or foundation. Three

pavements (brick, asphalt and asphaltic concrete) cost about the

same. The selection of the proper one for a given street then

will depend on other qualities, such as noiselessness, sanitation,

good footholds, ease of maintenance, general acceptibility, and

local conditions.

Conclusion.

The engineer often has too little experience to decide as to the

more desirable type of pavement, as well as to the elements of

its construction. In this case he should be advised by competent

specialists. Often, though able, he is not consulted, and the

public, with its opinion crystallized by the happy assurances of

the elusive promoter, adopts a kind of pavement not suitable to

the conditions.

The present Illinois assessment law permits the people to

select the kind of improvement they desire at a public hearing,

regardless of the interests of the general public or the science

of economic engineering. It is certainly our duty as engineers

to correlate our facts based on definite experiment, observations

and tests, and place pavement design and construction on a

scientific plane. When we have done this, and have explained to

the general public the reasons and wisdom of rational design

and stable construction, then are we justly entitled to be the

final judges of the character of an improvement. A competent
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engineer's advice as to the kind and thickness of a foundation

is often unheeded, with the result that the pavement fails, which

is no fault of the wearing surface, nor of the ability or honesty

of the contractor, inspector or engineer.

It is often necessary to vary the kinds and types of pavement

to suit various conditions on the single job. Standards and uni-

formity, while easy to specify, must be modified to suit definite

conditions. A specification, which is successful in one locality,

may be a failure in another ; due to climate, traffic, grades, poor

subgrade, and inadequate experience and equipment of the in-

spector and contractor.

An engineer, in recommending an improvement, should give

the reasons for the type of design adopted and for the kind of

construction deemed best for the stated conditions. When the

authorities welcome, or rather demand, this of us, then we can

furnish, or secure, competent counsel which will in time be ap-

preciated by the public. As the public reposes more confidence

in the engineer, which the engineer in turn will merit by rational

study, popularly explained, it will be possible to build pavements

in a fair, intelligent and economic way. Then the present alleged

safeguards usually present in the typical specification, such as

contractors' guarantee, irresponsibility of the specifications to

secure the desired product, uncertainty of quantities and ignored

contingencies, will disappear. Where the contractor must shoulder

all these omissions or commissions of the so-called "standard

specifications," let it be known that the public pays dearly for

their relief of responsibility.

Since the engineer is the agent of the public he should be

given the power to specify the best suitable construction and be

afforded the support and means of securing it. The specification

should be definite and if the contractor executes his work in

strict accordance with the specifications he should be relieved of

any responsibility or guarantee. Since the contractor is not con-

sulted in the drawing up of the specification he cannot logically

be held to account for their insufficiency. The engineer's posi-

tion and duty is a peculiar one—he must protect the public by

requiring good work, and must aid the contractor in securing

it. To this end he should know definitely what he is doing, and

how it should be done, although he has no right, under conditions

where the contractor guarantees the work, to insist on his method
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being followed. The engineer's responsibility is vague under pre-

vailing conditions, which places him continually in an awkward
position, exposed to criticism from both parties—the unthinking

public and the unsympathetic contractor.

[Note—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3S17 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]



THE PROPOSED MISSOURI-MERAMEC RIVER HYDRO-ELECTRIC
POWER DEVELOPMENT

By J. A. Ockerson, M. L. Holman, Edward Flad, E. L. Ohle and

H. H. Humphrey, a Special Committee of the Associated

Engineering Societies of St. Louis.

[Read and adopted at a meeting- of the Associated Societies on
June 16. 1915.]

The Senate Committee on Conservation of Water Power, in

its report to the Forty-Eighth General Assembly of Missouri,

makes the following statement on page 10 of said Report:

"In calling attention to the water power possibilities near the

great City of St. Louis, we refer to a project that has been called

to the attention of the public in the last few years, and that is

diverting a portion of the wate of the Missouri River through a

canal and emptying it into tl eramec River. This canal would

be nine miles in length and do comparatively little injury to prop-

erty by inundation or otherwise. Outside of our personal investi-

gation, we take our data from that furnished us from a United

States Government survey. This location is probably the most

important water power in the state, and if figures furnished us,

which we have gone over with much care, are correct, this plant

would develop 300,000 horse-power, at an estimated cost of con-,

struction of ten million dollars. This plant would have an earn-

ing capacity, at a very low rate for current, that is so surprising

in the final deduction as to create wonder in our minds that with

a city like St. Louis so nea^, with its great manufacturing inter-

ests, and a market that could consume all of the output of this,

plant, that it has not met -\ th successful promotion and comple-

tion already.

"We believe that the state should make some effort to see that

this power is developed, and in doing so, that such a permit or

franchise should be granted as would allow the state to take this

property over at the end of a period of years in the event it should

be developed by private capital. In fact, it should be built, owned

and operated by the state, but by reason of the prohibitions of

our constitution this might not be practicable until the general

public is educated to a point where they would authorize the de-

velopment of this and other properties in the state."
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The matter was referred to your Committee, which submits

the following statement of physical facts connected with the prob-

lem of water-power development by diverting Missouri River

water to the Meramec River through a properly located canal or

tail race. This project has been brought up many times for years

past and has been as often rejected as impracticable. The chief

source of "wonder" in the minds of Engineers is the persistency

with which it is revived as a project worthy of consideration.

The problem involves the difference of level between the Mis-

souri and the Meramec, which necessarily varies with the varia-

tions of stage in the two streams.

The question of the construction of a dam across the Missouri

for the purpose of increasing the difference of level of the two

streams needs little, if any, consideration, since the National Gov-

ernment which has embarked on a twenty ^million-dollar improve-

ment project of the Missouri River wr
(

J hardly permit such

obstruction, and the expensive flowage rights would make the

cost prohibitive, to say nothing of the difficulty of securing a

practicable site for a dam. Since much of the country between

the two streams is about 300 feet higher than the tail race, it

follows that the connecting channel for a large portion of the dis-

tance must be an open cut about 300 feet deep, or a tunnel.

Assuming for a starting point on the Missouri River, the sharp

bend in the vicinity of Becker, Mo., we derive the following data

from the U. S. Government records of stages : Extreme low

water, 441 feet above mean sea level; high water, (being the

highest recorded stage except that of 1844) t
is 482 feet above

same datum. During the five years, 1910 to 1914, inclusive, there

was a stage of 10 feet (447 feet) or over, for i average of 271

days per year; 15 feet (452 feet) or over, for ->n average of 93

days per year; and 20 feet (457 feet) or over, for an average of

17 days per year, but only a total of 85 days for the entire period

of five years, and one entire year, the stage did not reach 20 feet

at all.

Since the stage of 15 feet or1 more covers only about one-

fourth of the time, it is apparent that for one-half of the time the

stage would be about 12 feet, or 449 feet above the datum. Under
the conditions involved in this discussion, available power for

less than fifty per cent of the time is hardly worthy of considera-

tion.
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The discharge of the Missouri River at extreme low water
is about 20,000 second feet; at a 10-foot stage, 50,000 s. f

.
; 15-

foot stage, 105,000 s. f
.

; and 20-foot stage, 200,000 s. f.

Between the Missouri River at Becker and the Meramec at

Pacific, the distance is about 6*4 miles, and is the shortest dis-

tance between the two streams.

The elevation of the bed of the Meramec at Pacific is about

435 feet above mean sea level, which is 6 feet below the surface

of the low water in the Missouri River. Take into account the

necessary slope in the tail race and the stage of water in the Mera-
mec and the hope of power from the Missouri at low stage van-

ishes. Furthermore, the entire low-water flow is necessary for

purposes of navigation.

Even at the 12-foot stage (449 feet), which is manifestly the

economic level to work from, the extreme difference of level be-

tween the water surface in the Missouri and the bed of the Mera-

mec is only 14 feet. And after deducting the loss of head in the

canal there would remain an available head of about 6 feet. The
water surface in the Meramec at flood stage is 2.7 feet (451.7

feet) higher than the 12-foot stage in the Missouri River and the

resulting head is negative.

Now leave the head works at the same point on the Missouri

and swing the line down to Glencoe on the Meramec, 17^> miles

below Pacific, thus taking advantage of the fall in that stream.

The length of the tail race is now 9^4 miles. To go further down
the Meramec would introduce additional complications due to

backwater from flood stages in the Mississippi River, which at

the mouth of the Meramec reach 40 feet above low w^ter, or 399

feet above mean sea level.

The oscillation in stage of the Meramec between high and low

water is 28.6 feet at Glencoe. The slope of the Meramec at high

water between Pacific and Glencoe as deduced from the Frisco

Railway levels is 1G.5 feet, giving a flood elevation at Glencoe

of 435.2 feet. With the Meramec at flood stage (435 feet) and

low water (441 feet) in the Missouri, there would be a total avail-

able head of G feet; and with a 12-foot stage (449 feet) in the

Missouri, the total available head would be 14 feet. With a

12-foot stage in the Missouri and a bank full stage in the Mera-

mec, the available head would be about 18 feet, and at average

low water about 35 feet.
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It will readily be seen that the many variables, such as con-

stant changes in relative stages, back water effects from floods in

the Mississippi, effect of tail race discharge on the stage of the

Meramec. and other unstable conditions which enter into the

problem make a general solution covering all of these conditions

impracticable. In order to arrive at a result under most favorable

conditions we have assumed a 12-foot stage in the Missouri, an

average low water stage in the Meramec, and a permissible ab-

straction of 20,000 second feet, which is equal to the entire low

water flow of the Missouri, and about one-fourth of the discharge

at a 12-foot stage.

Assuming the tunnel to have a section 30'xlOO' and assuming

the flow to be 20,000 cubic feet per second, the velocity would be

0.7' per second. The required slope of the tunnel, or the loss of

head due to friction would be 1.3' per mile, or a total of approx-

imately 13' for the 9^ miles of tunnel. Assuming a total avail-

able head of 35/ there would be 22' of head available for power.

This would give 50,000 water horse-power with a flow of 20,000

cubic feet per second. With an efficiency of 75 per cent in tur-

bines and generators, there would be available 37,000 effective

horse-power.

It will be readily seen, therefore, that under most favorable

circumstances the useful energy that can be developed will be

only one-sixth of the amount given in the report of the Senate

Committee, and this for an average of only one-half of the time.

It is also believed that the cost of a canal or tunnel, connect-

ing the Missouri and the Meramec, of the dimensions required to

carry such -a'lai^c volume of water, and the installation of the

necessary plant, would far exceed,—perhaps double,—the esti-

mate stated in the report of the Senate Committee.

In arriving at these results, most favorable conditions have

been assumed throughout, and the effective power deduced is

materially greater than could be hoped for under normal condi-

tions. The volume of water diverted from the Missouri River

would necessarily be subject to Government regulation, and it

1

es not seem probable that it would exceed 20,000 second feet,

and.more likely would be less.

In view of the results deduced by our investigations it is the

opinion of your Committee that the proposed hydro-electric de-
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velopment by means of diversion of the waters of the Missouri

River into the Meramec is impracticable and not justified by the

possible results.

The Committee is indebted to the Engineers of the Frisco and

Missouri Pacific Railways for water surface elevations in the

Meramec.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub'

sequent number of the Journal.]
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MISSISSIPPI RIVER (Algonquin, Missi Sepe, great river;

literally, father of waters). The principal river of the North
American continent, discovered by De 1 Soto in 1541. In 1673,

Marquette and Joilet descended it almost to its mouth, and in

1682 La Salle passed through it to the Gulf of Mexico and
took possession of the country in the name of the King of

Assistant Engineer, Western Division, U. S. A.
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France. Counting as a part of it the longest branch of the

drainage system, the Missouri, which far overtops the cen-

tral stem, it is the longest river in the world. The entire sys-

tem lies within the United States excepting the headwaters of

a few tributaries of the upper Missouri, which extend a short

distance beyond the northern boundary of Montana into Can-

ada. It receives the drainage in whole or in part of twenty-

seven states. Its soil resources, on account of the semi-arid

territory west of the Mississippi Basin, exceeds three-fifths

of the total resources of the United States. It has been char-

acterized as the greatest single estate laid out for the habita-

tion of man.

Location and Climate.

Popularly, the name Mississippi is applied to the main

north and south stem, which rises in northern Minnesota and

empties into the Gulf of Mexico. Its headwaters are in lati-

tude 47° 09' N., longitude 95° 13' W., and its central mouth
in latitude 28° 59' N., and longtitude 89° 08' W. Although

well within the Temperate Zone there is a wide range of cli-

mate, particularly in winter temperatures. In northern Min-

nesota the extreme range in temperature is from —50° F., to

+ 100° F., while at New Orleans it varies from +20° F., to

-(-100° F. These temperatures do not occur every year, but

are likely to occur three years out of ten. The mean annual

temperature at Duluth is 39° F. ; at New Orleans, 69° F. The
chief agricultural products in the north are wheat, barley and

potatoes, in the central states, corn, oats and rye, and in the

south, cotton, sugar cane and tobacco. Fruits are grown

throughout the valley, apples better in the north and peaches

more successfully in the south.

The Mississippi forms the east or west boundary line, in

whole or in part, of ten states : Minnesota, Wisconsin, Iowa,

Illinois, Missouri, Kentucky, Tennessee, Arkansas, Mississippi

and Louisiana. The principal cities situated on its banks are

Minneapolis, St. Paul, La Crosse, Dubuque, Moline, Daven-

port, Rock Island, Burlington, Ouincy, St. Louis, East St.

Louis, Cairo, Memphis, Vicksburg, Natchez, Baton Rouge

and New Orleans.
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Source.

Popularly, Lake Itaska. since its discovery by Schoolcraft

in 1832, has been considered the source of the Mississippi and

this is not far from being precise. Later explorers announced

Xicollet Creek, Elk or Glazier Lake, Gagwa Dosh or Dear

Creek, and Hernando de Soto Lake as the headwaters. Ac-

cording to an accurate contour map of Itaska State Park,

issued by the Mississippi River Commission about 1910, Little

Elk Lake is the "ultimate source." It empties into Lake Itas-

ka through Elk (or Excelsior) Creek and Elk Lake. Lake

Itaska is surrounded by such an intricate network of smaller

glacial lakes, more or less obscured by reeds and water grass,

that it is easy to understand why this question was a matter

of so much controversy until the whole Itaska Basin was

covered by a careful geodetic survey. Lake Itaska at its out-

let is 2.459 miles from the Gulf of Mexico, and Little Elk

Lake about 7 miles farther. Lake Itaska is about 4 miles

long, 30 feet deep, and about 1,470 feet above sea level. Lit-

tle Elk Lake is about half a mile long, 600 feet wide and about

100 feet higher than Lake Itaska.

General Description.

The Mississippi as it flows from the north end of Lake Itaska

is ordinarily less than 20 feet wide and 2 feet deep. It flows

swiftly over shoals and boulders in a northwesterly direction for

a distance of '52 miles by river, or 32 along the axis of the valley,

to Lac Travers, or Lake Bemidji, covering about 20 square miles,

surrounded by forested hills. The Mississippi as it flows from

the east side of Lake Bemidji is at the most northern point of its

course. Seventeen miles farther on it enters Cass Lake, which is

twice as large as Bemidji, and twelve miles beyond Cass Lake it

enters Lake Winnibigoshish, which is twice as large as Cass

Lake. From Lake Winnibigoshish, the river flows southeast-

wardly for 24 miles and unites with Leech Lake River, which is

nearly as large as the Mississippi, and furnishes the outlet for

Leech Lake, which covers about 250 square miles, and is the

largest of the lakes constituting the headwaters of the Mississippi.

Forty miles farther, or 180 miles from Lake Itaska, is found the

first rock in place, a bed of sandstone, where the Falls of Poke-
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gama have been submerged by two dams. Eighty miles below

Pokegama the waters of Sandy Lake empty into the Mississippi

through a storage dam, and 82 miles below Sandy Lake enters

Pine River, which is dammed a short distance above its mouth

to regulate the outflow from Whitefish Lake. Twenty-two miles

below Pine River is located the town of Brainerd with a popula-

tion of 10,000 and a water power dam with a 15-foot head. Be-

tween Brainerd and Minneapolis, occurs a series of dams and

rapids having a total fall, with the Brainerd Dam, of 414 feet,

as stated in the section on slopes and water power. The Crow

Wing River, which is nearly as large as the Mississippi, enters

11 miles below Brainerd. At the Sauk Rapids, 60 miles below

the Crow Wing, and at the entrance of Sauk River, begin the

first rocky banks of Potsdam sandstone, which are in frequent

evidence from this point down to the head of the Rock Island

Rapids, 350 miles below St. Paul.

The entire drainage basin of the Mississippi above Minneapolis

is covered with a blanket of glacial drift, 100 to 300 feet thick,

consisting of a mixture of clay and gravel. Its surface is very

irregular and is broken by thousands of glacial "pot holes," re-

sulting in a vast multitude of lakes and swamps, estimated by

some at 5,000 to 6,000 in number. At the Falls of St. Anthony

in Minneapolis, the river pitches down a vertical falls and rapids

amounting to 80 feet in half a mile, leaving the clay banks for a

channel that lies between vertical bluffs of sandstone, gradually

increasing to a height of 300 to 500 feet as the bed sinks below the

general level of the prairie. Below St. Paul the distance between

the bluffs rapidly increases, so that from St. Paul to Rock Island

the usual distance between bluffs is 2 to 3 miles, except at the

head of the Rock Island Rapids, where they are only one mile

apart. Their height varies from 200 to 600 feet. The debris

from centuries of degradation has built up slopes at the foot of

the bluffs and on all projecting ledges which are now covered

with grass and trees. For more than 200 miles below St. Paul

the oaks, elms, beeches and maples are interspersed with cedars

and pines. This fact, together with the greater height of the

bluffs, makes this section even more beautiful than the bluffs

farther south. The river flows first against one bluff and then

the other in its meanderings back and forth across the valley.
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Seventy-seven miles below St. Paul the vast quantities of sand

brought down by the Chippewa River have choked the valley so

that the river fills the entire space from bluff to bluff, forming

Lake Pepin, which is approximately 25 miles long and 2 to 3

miles wide. At the Rock Island Rapids the bed of the river con-

sists of stratified limestone in a series of folds or steps, creating

11 "chains" or rapids with a total fall of 21 feet in 15 miles.

From this point down to Cape Girardeau, 132 miles below St.

Louis and 160 miles from Rock Island, the formation is car-

boniferous and the river winds back and forth between pictur-

esque rocky bluffs 100 to 100 feet high and from 3 to 8 miles

apart. The bluffs are usually partially covered with grass and

trees, as above Rock Island ; but from Grafton to Alton, a dis-

tance of 18 miles, and for shorter distances below St. Louis, the

bluffs rise vertically from the river, forming palisades of rugged

beauty. From Cape Girardeau down to Gray's Point, a distance

of 5 miles, the river passes the low land which constitutes the

head of the St. Francis Basin, through which the flood waters

of the Mississippi formerly escaped in great volumes. From
Gray's Point to Commerce, a distance of 7 miles, the river flows

through a "gorge" where the water is closely confined between

vertical bluffs one-half to three-quarters of a mile apart. This

geological landmark is said to be a spur of the Ozark Mountains

which cross the southern part of Missouri.

The rock bluffs between which the river meanders for more

than a thousand miles and the vast northern upland, mainly ele-

vated rock with a moderate covering of soil, both terminate at

Commerce, 111 miles below St. Louis and 38 miles above the

mouth of the Ohio. The vast alluvial valley of great fertility

extending from Commerce to the Gulf, about 1,100 miles by

river, or 600 miles in a direct line, has been created from the

river's own silt. Commerce is at the head of an ancient arm of

the ocean into which the silt-laden river poured its deposits as the

present river does into the Gulf, leaving a valley as fertile as

that of the Xile in its palmiest days and four times as large.

From Cairo to the Gulf the surface of the river is normally

above the lands lying back from the river. In other words, the

river runs in a groove cut into a ridge considerably above the

surrounding country. The ground slopes away from the river



•12 MISSISSIPPI RIVER.

with a gradient of about 7 feet in the first mile, decreasing" grad-

ually to 6 inches per mile at the outer edge, where the overflow

from the Mississippi naturally drained away toward the Gulf

through numerous bayous running parallel to the main river.

Between Cairo and Memphis, 230 miles, the river does not

get far from the low bluffs on the east side of the valley and at

several points impinges upon them. The river then zigzags diag-

onally across the wide valley and strikes the west bluff at Helena,

306 miles below Cairo. The St. Francis Basin, which is 45

miles wide just below Cairo and 35 miles wide at Memphis,

tapers out at Helena, where the St. Francis empties into the Mis-

sissippi. The Yazoo Basin, which starts at Memphis on the

east side of the river, increases in width as the St. Francis de-

creases, having a width of 22 miles at Helena, and 60 miles op-

posite the mouth of the Arkansas River, which is 402 miles below

Cairo. At Arkansas City, 438 miles below Cairo, the Yazoo

Basin reaches its maximum width, 65 miles, and the Tensas Basin

begins on the west bank. The Yazoo Basin terminates in a wedge

at Vicksburg, 600 miles below Cairo, where the Yazoo enters the

Mississippi, and the latter again strikes the east bluffs, which at

this point are about 200 feet high. The Tensas Basin, which is

from 20 to 35 miles in width, terminates at the mouth of the Red,

of which the Tensas is a tributary. There is no diminution in

the width of the basin, however, only a change in the name, which

from this point to the Gulf is known as the Atchafalaya Basin,

after the Atchafalaya River, which not only carries the discharge

of the Red River, but also at flood times an immense volume from

the Mississippi. A narrower basin on the New Orleans side is

known as the Pontchartrain Basin. The areas of these several

basins are as follows

:

St. Francis 6,706 square miles

Yazoo 6,648

White River 956

Tensas 5,370

Atchafalaya 8,109

Pontchartrain 2,001

Total 29,790
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Islands, Lakes and Tributaries.

One of the interesting" and picturesque features of the Missis-

sippi is its large number of islands. Between St. Paul and the

mouth of the Missouri, 658 miles, there are about 540 islands of

sufficient size to be dignified with a name or number. They occur

singly, in pairs, and in chains,—the lower ones covered with wil-

lows, and the higher ones with cottonwoods, maples, and oaks,

or else cleared for cultivation. Between the mouth of the Mis-

souri and the Ohio, there are, or were, about 60 islands large

enough to be designated by name. Most of them are from 2 to 3

miles long. Nearly all of these 600 islands have been connected

with the main land by wing dams or hurdles and the channels or

chutes behind them have become silted up so that they no longer

appear as islands during low water. This is particularly true be-

low St. Louis, where most of the islands have already lost their

identity except to those familiar with the river. Between Cairo

and the mouth of the Red River, a distance of 765 miles, there

are 147 islands, usually 2 to 4 miles in length. From this point

to the Gulf, 309 miles, there are only 3 islands and except at

these points the river sweeps along majestically in a single deep

channel.

An equally interesting feature is the great number of large

horseshoe lakes which lie adjacent to the river, particularly from

Memphis to the mouth of Red River, where in a distance of 534

miles there are 31 of these crescent-shaped lakes, most of them

from 5 to 10 miles long. These are former channels of the river

which were abandoned as the result of "cut offs," described in a

later paragraph. The number of tributaries, and tributaries of

tributaries, which are shown in ordinary atlases, number about

£50, of which more than 50 are navigable. The more important

of the tributaries in the order of their entry proceeding down-

stream from Minneapolis, are the Minnesota, St. Croix, Chip-

pewa, Black, Wisconsin, Galena, Rock, Iowa, Des Moines, Salt,,

Illinois, Missouri, Kaskaskia, Ohio, St. Francis, Arkansas,.

Yazoo, Big Black and Red.

Watershed.

The area drained by the Mississippi River and its tributaries

extends from the Allegheny Mountains to the Rocky Moun-
tains and from the St. Lawrence Basin to the Gulf of Mexico —
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1,240,050 square miles, or 41 per cent of the main land of the

United States, exclusive of Alaska. The areas of the principal

river basins which form this immense watershed are as follows

;

Area Percentage
Designation.

sq. miles of whole.

Missouri 527,150 43

Upper Mississippi 165,900 13

Ohio 201,700 16

Middle and Lower Mississippi 69,000 6

Arkansas 186,300 15

Red 90,000 7

Total 1,240,050 100

Divisions and Length.

For purposes of investigation and improvement the Missis-

sippi River is divided by the Government Engineers as follows

:

District.

Little Elk Lake to St. Paul
St. Paul to mouth of Missouri River (Upper Mississippi)
Mouth of Missouri River to mouth of Ohio River (Middle

Mississippi)

Mouth of Ohio River to Head of Passes (Lower Mississippi)

South Pass

Total

Length,
Miles

534

658
200

1060
14

2466

These distances are measured along a line midway between

the banks. Distances measured along the steamboat channel are

more than 10 per cent greater.

In volume of sediment and other characteristics the Missouri

River is the main stream and should have been named the Missis-

sippi. Measuring from the headwaters of the Missouri River to

the Gulf, it has a total length of 4,200 miles,—the longest river

in the world.

Reservoirs and Capacities.

Near the headwaters of the Mississippi, a series of lakes have

been dammed by the government in order to create a system of

storage reservoirs for increasing the low water flow and depth of

navigable channel of the upper river. The capacities of these

reservoirs are given in the following table ; together they con-

stitute the largest reservoir system in the world.
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Name of Reservoir.

Area at

Low
Water
sq. m.

Area at

High
Water
sq. m.

Range
in Ht.

ft.

Storage Capacity.
cu. ft.

Lake Winnibigoshish
and Cass Lake 117 161 14.0 43,992,000,000

Leech Lake 173 234 5.7 33,094,300,000

Pokegama Lake 24 25 7.5 5,260,000,000

Sandy Lake 8 16 9.4 3,157,900,000

Pine River 18 24 16.2 7,732,900,000

Gull Lake 28 30 6.0 4,910,100,000

Widths, Natural and Artificial.

From Lake Itaska to Minneapolis, the width of the river in-

creases gradually from less than 50 to more than -100 feet at ordi-

nary stages. Under the adopted project for the deepening of

the river the low water width is contracted to 300 feet at St.

Paul. As the volume of flow is increased by the various tribu-

taries this width is increased by degrees to 600, 700, 900, 1,000,

1,200 and 1,400 feet, the latter width being for the reach be-

tween the mouths of the Illinois and Missouri. On the Rock Is-

land Rapids the width between contraction works is 250 to

400 feet. Where the Des Moines Rapids formerly existed there

is now a beautiful artificial lake about a mile wide and 50 to 60

miles long, created by the new concrete power dam at Keokuk.

The natural width from St. Paul to the mouth of the Missouri

is from two to three times these project widths, except in Lake

Pepin, where the natural width of two miles has not been dis-

turbed.

From the mouth of the Missouri to the mouth of the Ohio,

the project width is 2,500 feet, although the widths in the unim-

proved sections vary from 800 to 5,000 feet. The widths in this

reach at a bank full stage vary from 1,600 to 7,000 feet. The

flood width, before the construction of levees, extended from bluff

to bluff, an average distance of five miles.

Below Cairo the project width is 3,000 feet, the natural low

water width 1,000 to 7,500 feet, and the bank full width, 2,000 to

10,500 feet. Previous to the construction of levees the area

subject to overflow had an average width of 40 miles. At the

present time the average restricted flood width is 5 to 10 miles,

decreasing to about 1 mile below Baton Rouge.
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Slopes, Water Power, Locks and Dams.

From Lake Itaska, which is 1,4,72 feet above sea level, to

Bemidji, there is a fall of 130 feet in 32 miles. At Bemidji there

is a power dam with a head of 22 feet. From this point to

Brainerd, a distance of 300 miles, the river flows through a coun-

try which is largely swampy, but the flat slopes of the river are

interrupted by the storage dams at Lake Winnibigoshish a, id

Pokegama Lake, by a power dam at Grand Rapids and by sev-

eral smaller rapids farther downstream. The crest of the

Brainerd power dam is 1,172 feet, above sea level. From this

point to Minneapolis, a distance of 150 miles, there is a fall of

444 feet, 80 of which is in the falls and rapids of St. Anthony.

About 135 feet of this 444 is utilized by six power dams ; the

remainder is wasted.

Between Minneapolis and St. Paul the United States Govern-

ment is just completing a large lock and power dam, with a lift

of 30 feet, which will permit the packets from St. Louis to reach

Minneapolis. From this point to Le Claire, at the head of the

Rock Island Rapids, the average slope is about 0.4 foot per mile,

except in Lake Pepin, where the river has a fall of less than 0.2

foot in 24 miles. At the Rock Island Rapids there is a fall of 21

feet in 15 miles. From this point to the head of Cooper Lake at

Burlington, a distance of 84 miles, there is an average slope of

0.35 foot per mile.

Cooper Lake, named after the Civil Engineer who designed

and built the hydro-electric power plant at Keokuk, is 50 to 60

miles long and nearly level. The head on the dam and the lift in

the new government lock will vary from 30 to 40 feet, according

to the amount of water stored in the pool. From Keokuk to

Grafton, at the mouth of the Illinois River, a distance of 150

miles, there is a slope of 0.5 foot per mile ; from Grafton to the

Eads Bridge at St. Louis, 0.66 per mile, although the maximum
at the Chain of Rocks above St. Louis, is 1.3, and the minimum,

in the St. Louis harbor, 0.2 per mile. Low water at this point

is about 378 feet above Gulf level.

From the Eads Bridge to Cairo the average slope is 0.6 foot

per mile ; from Cairo to Vicksburg, 600 miles by river, 0.38 per

mile ; from Vicksburg to the mouth of Red River, 154 miles, 0.24

per mile. This point is over 300 miles from the Gulf and only 3

feet above Gulf level. Practically all of this head is used up in
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the next 70 miles, so that at Baton Rouge, 240 miles from the

Gulf, low water is only 0.2 foot above mean Gulf level. Al-

though the tides at the mouth of the river amount to only one

to two feet, their effect extends up the river to Baton Rouge, and

below this point there is a slight negative slope during high tide.

In other words, contrary to popular opinion, water does run up

hill under certain conditions.

Depths, Prior and Subsequent to Improvement.

Between St. Paul and St. Louis, prior to improvement, the

depths on the bars or crossings at low water did not exceed 2.0 to

3.5 feet, especially in the upper sections and on the Rock Island

and Des Moines Rapids. About two-thirds of this division has

now been improved to a low water depth of 6.0 feet. Where the

improvements have not been completed depths of not less than

4.0 feet are maintained by dredging. From St. Louis to Cairo

the minimum depths, previous to improvement, did not exceed

3.5 to 4.0 feet at low water. At present, by means of improve-

ment works and dredging, a depth of 8.0 feet is maintained.

From Cairo to the Gulf the minimum depths, prior to improve-

ment, did not exceed 4.5 to 6.0 feet at low water. At the present

time, by means of improvement works and dredging, primarily

the latter, a minimum depth of 9.0 feet is maintained from Cairo

to Yicksburg. Below Yicksburg no dredging is required, the

least depths being 11.0 feet from Vicksburg to Baton Rouge, 35

feet from Baton Rouge to Xew Orleans, 62 feet from New Or-

leans to Quarantine Station, and 30 feet to the Gulf through either

the South Pass or the Southwest Pass.

Velocity of Current.

The velocity of the current is a function of the depth as well

as of the slope, that is, it varies according to the square root of

each. The velocity of the current varies greatly, therefore, be-

tween low and high water at every point on the river. The ve-

locity at low water, however, does not differ greatly on the upper

and lower river, as the greater depths on the lower river are

largely counterbalanced by the flatter slopes. Roughly speak-

ing, the velocity at low water, from St. Paul to St. Louis, except

on the rapids, varies from 1.0 to 2.0 feet per second, and from St.

Louis to Xew Orleans from 1.0 to 2.5 feet, while the high water
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velocities vary from 3.0 to (5.0 feet on the upper river and from

6.0 to 8.0 feet on the lower river. The greatest velocity that has

been noted on the river occurred under the Merchants' Bridge at

St. Louis during the flood of 1892, when a mean velocity of 12.2

feet per second was measured. The excessive contraction of the

waterway under the bridge caused the bottom to scour out to a

depth of 86 feet on this occasion. (To obtain the velocities in

miles per hour, multiply the preceding figures by 0.7.)

Rainfall and Run-off.

The mountain ranges which bound the Mississippi Valley "on

the east and west exert a very important influence on the rainfall

and floods in the valley. The winds which carry moisture west-

ward from the Atlantic Ocean, precipitate most of it on the east

side of the Appalachian Mountains, while those from the Pacific

Ocean are similarly intercepted by the Rocky Mountains, so that

the Mississippi Valley receives very little rain from either source.

A small percentage of rain comes from the Great Lakes, but the

heavy rains which produce great floods come from the Gulf of

Mexico. In the winter and spring, the surface of the ground is

cooler than the waters of the Gulf and as the moisture-laden

winds sweep northward they become cooled and create snow and

rain. A wind from the southwest will sweep across the Ohio

Valley ; from the south, up the Mississippi ; one from the south-

east across the valleys of the Red, the Arkansas and the Missouri

,

but in all cases the greatest rainfall will occur near the Gulf and

gradually decrease as the winds travel inland. Thus the average an-

nual rainfall at New Orleans is 60 inches, at Memphis 52 inches,

at Cincinnati 42 inches, at Pittsburgh 36 inches, at St. Louis 40

inches, at Brainerd, Minn., 25 inches, and at the headwaters of

the Missouri only 13 inches. Floods do not arise from mean con-

ditions, but from heavy rainfalls of long duration ; if the ground

is frozen or saturated the run-off is proportionately greater. At

any rate, the figures just given indicate in a general way the run-

off which may be expected from the different sections of the val-

ley and they also show the futility of attempting to control floods

in the main valley by forests and reservoirs at the various head-

waters.
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Volume cf Discharge.

The ordinary or normal low water discharge and the max-

imum flood discharge of the river at typical points are shown in

the following table. By ordinary or normal low water is meant

the lowest stage which occurs during the navigation season. Oc-

casionally, in mid-winter, when the tributaries above St. Louis

are all frozen over, the discharge at and above St. Louis may be

25 per cent less than is shown in the table. Since the opening of

the Chicago Drainage Canal in January, 1900, about 5,000 cubic

f^et per second have been taken from Lake Michigan through the

Chicago River, the Chicago Drainage Canal, the Des Plaines and

Illinois Rivers, and discharged into the Mississippi at Grafton.

At and below Grafton, therefore, the present low water discharge

is 5,000 cubic feet per second greater than the natural discharge

shown in the table.

These extreme low water discharges do not occur every sum-

mer, but only once in five to ten years. The low water discharge

shown for St. Louis corresponds to a zero stage on the St. Louis

gauge, while "standard low water," which is approximately the

average annual low water during the navigation season, corre-

sponds to a discharge of 63,000 cubic feet per second.

NATURAL DISCHARGE OF THE MISSISSIPPI RIVER.

Name Distance
Ordinary Maximum

of From Gulf.
Low Water Flood

Station. Miles.
Discharge Discharge

cu. ft. per sec. cu. ft. per sec.

Above Cass Lake 2,370 100 2,000
Grand Rapids, Minn. 2,278 500 10,000
Brainerd, Minn. 2,107 1,500 40,000
St. Paul, Minn. 1,934 3,000 110,000
Winona, Minn. 1,814 6,000 130.00O
Clayton, Iowa 1,711 12,000 200,000-
Keokuk, Iowa 1,447 18.000 372,000
Grafton. 111. 1,295 20,000 425,000
St. Louis, Mo. 1,257 35.000 1,146,000
Columbus, Ky. 1,052 70,000 2,015,000
Helena, Ark. 768 77,000 2,041,000
Arkansas City, Ark. 636 92,000 2,007,000
Vicksburg, Miss. 475 97.000 1,783,000
Red River Landing, La. 309 94,000 1,595,000
New Orleans, La. 110 94,000 1,358,000
Mississippi & Atchafa-

laya & Crevasses. 100,000 2,300,000

The differences between successive values in the above table

indicate in a general way the contributions from the principal
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tributaries. For example, just above St. Paul enters the Min-

nesota River with a drainage area nearly as large as that of the

Mississippi above their junction. The differences between the

discharges at Grafton and St. Louis represent the values for the

Missouri River, showing that the low water discharge of the Mis-

souri is smaller but its flood discharge considerably larger than

that of the Mississippi at that point. The same statement is true

of the Ohio River.

Just above Red River Landing is the mouth of the Red River,

which also serves as the mouth, or rather as the headwaters, of

the Atchafalaya River, because ordinarily the latter takes all of

the discharge from the Red River and also some from the Missis-

sippi River, as indicated in the table. The reduction in flood dis-

charge below Helena is due to the escape of water through the

crevasses or breaks in the levees, as described further on under

Levees.

Disastrous Floods.

The maximum discharge of the upper Mississippi is 450,000

cubic feet per second ; the Missouri on account of its

great length, 900.000 ; the Ohio, 1,400,000 ; the Arkansas, 450,000,

and the Red, 220,000. There is also a large discharge from the

St. Francis, Yazoo, White and Tensas. Below Cairo the river

•overflows its banks when the discharge exceeds 1,000,000 cubic

feet per second. The flood of 1912 was the greatest below Cairo

of which we have definite knowledge, and amounted to about

3,000,000 cubic feet per second at Cairo and 2,300,000 flowing

into the Gulf. This flood was due to the coincidence of moderate 1

ly high floods from the Missouri, upper Mississippi, Ohio, Wa-

bash, Tennessee and Cumberland Rivers, supplemented by ex-

cessive rains covering the alluvial valley and the watersheds of

the southern tributaries.

The alluvial valley having been built up by floods, it follows

that they must have always occurred. Naturally, only the more

disastrous floods are remembered and recorded and the older ones

are gradually forgotten as those of more recent date attract the

attention. This is partly due to the fact that when the valley was

only sparsely settled very little damage was possible, but as it has

become more thickly settled the opportunity for disaster has in-

creased a hundred-fold. The floods of 1785, 1828 and 1844 were
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of abnormal height and did great damage, and stirred the people

in the valley to renewed efforts at levee construction. Then came

the great floods of 1851 and 1858. The latter was regarded as

the greatest which had ever come down the river and overtopped

practically all of the levees in existence at that time. Active re-

pair work and extensions were followed by other great floods in

1862, 1865, and 1SG? . which supplemented the havoc of the war

and did millions of dollars worth of damage. Active reconstruc-

tion was followed by the great flood of 1874, which in many parts

of the valley proved to be the most disastrous of all. Then in

1882, 1883, and 1884, the valley was visited for the first time by

three excessive floods in three successive years. In 1882 there

were 284 crevasses; in 1883. 224; in 1884, 204; 712 crevasses

in three years ! A large part of the lands reverted to the states

on account of the inability of the owners to pay the heavy levee

taxes, and in 1882 the Federal Government came to the rescue

and began its co-operation with state and local organizations as

stated in the section on Levees. The greatest activity ever wit-

nessed on the levees followed and the results were most encour-

aging.

Floods of greater volume than that of 1874 also occurred in

386, 1887, 1892 and 1893, but, on account of the greatly im-

proved levee system, these were all safely passed without ma-

terial damage except that due to erosion. But in 1897 came an-

other of unusual severity, causing 4? crevasses and flooding 20,-

000 square miles. This was followed by even greater activity in

levee construction, and after the flood of the following year, the

Mississippi River Commission reported: "This is the first time

in the history of the river since the commencement of the con-

tinuous levee system that a flood reaching the height of 49.8 feet

on the gauge at Cairo has been carried to the Gulf without a single

break in the levee." For five years the levees successfully held

back the floods, but in 1903 another great flood came and the

levees were again breached, doing enormous damage. In 1907

the flood was only a trifle lower than that of 1903 and the dam-

age done was estimated as high as $100,000,000. The next year

was remarkable for four moderate floods in succession, beginning

in February* and ending in June, followed by another in 1909.

The latter was about as large as that of 1874, but all were carried

through to the Gulf without any break in the levees.
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In 1912 came the greatest flood on record, causing- 11

crevasses below Cairo and a loss in property estimated at $42,-

000,000. There was some loss of human life but the number of

lives lost was never ascertained. The army officers reported that

272,000 people were furnished food and shelter.

In 1913 two distinct and excessive floods passed Cairo, the

first in January and the second in April. The second exceeded

in height all previous records for nearly the entire distance from

Cairo to the Gulf. Like that of the preceding year it was caused

by excessive rains throughout the valley. The precipitation at a

number of Weather Bureau stations in Ohio exceeded all pre-

vious records for a like period of time. At Cincinnati, the Ohio

rose 21 feet in one day. The flood of January was kept within

the levees except at Beulah, where a break of the previous year

had not yet been completely closed. This crevasse attained a

width of 1,000 feet and overflowed about 2,100 square miles.

During February and March it was closed successfully at great

cost by means of a trestle, using 1,374 cars of rock and 145,000

cubic yards of earth. During the April flood 6 crevasses oc-

curred, overflowing 2,568 square miles, but, in addition, 6,756

square miles were overflowed by water coming through various

unleveed sections.

An important contributory cause of repeated failures after so

many years of levee building is the fact that as the areas for-

merly subject to overflow are more and more protected from over-

flow, the channel left for the flood waters has become more and

more restricted and the water surface has steadily risen. The

former flood width of 20 to 80 miles has now been reduced to

about 5 miles and the flood height increased about 10 feet. This

was anticipated and correctly computed twenty years ago, but the

funds available have not yet been sufficient to enlarge the levees

to the full cross-section required. The waters of the upper Missis-

sippi, Missouri and Ohio having been combined at Cairo, the

gauge at that point is an accurate index of the relative volumes

of different years, particularly since it is not so much affected by

breaks or extensions in the levee system as the gauges farther

down. However, two floods passing Cairo at the same stage do

not always remain of the same proportion throughout the lower

valley as they are affected to some extent by the discharge from

the tributaries below Cairo. The maximum reading at Cairo for
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every flood from 1858 to 1914, inclusive, is given in the follow-

ing table

:

FLOOD HEIGHTS ON THE CAIRO GAUGE.

Year Day Feet

1858 June 21 49.53

1859 May 7 46.49

1862 May 2 50.76

1865 March 19 47.90

1867 March 21 50.97

1874 April 26 47.37

1876 April 6 46.38

1882 February 26 51.87

1883 February 27 52.17

1884 February 22 51.79

1886 April 19 Eil.02

1887 March 9 48.50

1892 April 28 48.29

1893 May 9 49.33

1897 March 25 51.72

1898 April 6 49.78

1899 April 2 46.24

1903 March 16 50.57

1904 April 5 49.10

1906 April 9 46.90

1907 January 27 50.33

1908 March 19 45.55

1909 March 16 47.27

1912 April 6 53.94

1913 January 28 48.89

1913 April 7 54.69

Extreme low water is—1.0 feet on the gauge.

Caving Banks.

In the volume of its caving banks, the Mississippi probably

surpasses every other river that man has yet attempted to im-

prove. In the superficial area of its caving banks it is exceeded

by the Missouri, but on account of the higher banks and greater

depths of water on the Mississippi the volume of earth falling

into the river is greater along the latter. Previous to the revet-

ment or protection of the banks some caving occurred on the

upper Mississippi as far north as Keokuk, but caving on a large

scale really begins at the mouth of the Missouri River and in-

creases in extent downstream, reaching a maximum in the vicin-

ity of Yicksburg. Below the mouth of Red River the caving

gradually diminishes until at Donaldsonville it practically ceases.

From Cairo to Red River the extent of the caving banks was
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measured in 1907 and 1908 and it was found that 111 miles ot

bank were caving, at low water and 708 miles at high water, or.

deducting for the banks which were caving at both low and high

water, a total of 749 miles in 754 miles of river. In other words,

caving is taking place on one bank or the other, or on some is-

land, over practically the entire distance. A similar survey in

1892, before much revetment work had been done, showed 921

miles of caving banks in the 885 miles from Cairo to Donaldson-

ville. The same survey showed that the average annual caving in

this distance amounted to 38,991,000 square yards, or 12.6 square

miles in area by 66 feet in depth, or more than 1,000,000 cubic

yards per mile of river.

Similar measurements between Cairo and St. Louis show that

from 1879 to 1889 the average annual amount of caving was 64,-

000,000 cubic yards, while from 1889 to 1907 the average annual

amount was 48,000,000, the diminution being due to the extensive

revetment work executed in the meantime.

Caving banks have been classified as eroding banks, slump-

ing banks, sinking banks, and sliding or slipping banks. As most

of the damage is done by the first method, no further reference

will be made to the others. A typical eroding bank is one whose

soil is not cohesive enough to withstand the scouring and dissolv-

ing action of the ordinary river currents. As the velocity of the

current increases with the stage, the erosion increases correspond-

ingly, provided the direction of the current remains the same.

As the direction of the current is frequently different at high

water, caving, while much more extensive, does not always occur

at the same places. In erosion the bank is undercut or under-

mined below the water surface until the weight of the portion

above the water causes it to break away and fall into the river.

A recession in the shore line of 300 to 600 feet in a single season

is a common occurrence.

Sinuosities.

Experiments on a large scale show that a running stream in

an alluvial bed will not remain straight. Owing to variations in

the cohesive strength of the soil, irregularities begin to develop

and the resulting curves are gradually enlarged by the centrifugal

action of the currents thereby inaugurated. The resulting radius

of curvature is determined largely by the volume of discharge,

though also affected by the composition of the banks. For ex-
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ample, below St. Paul the radius of curvature is 1,600 to 4,500

feet, while in the bends below Arkansas City it is from 8,000 to

feet, while in the bends below Arkansas City it is from 8,000 to

a flood discharge it attempts to adjust its sinuosities to its in-

creased flow. In other words, at a flood stage the current does

not follow the deep bends in which it flowed during low water but

tends to flow in flatter curves, thereby shortening and changing

the course of the main channel to the confusion of the navigator.

The greatest danger to the regimen of a river occurs, however

when the erosion in one bend approaches the cutting bank in the

second bend below. If left to itself the peninsula or narrow neck

of land will be eventually cut through, thereby forming a "cut

off," or sudden shortening of this section of the river. As this

disturbs the regimen of the river for many miles above and below,

it is always prevented by bank revetment. If not prevented, it

may require twenty to twenty-five years before this reach becomes

as stable as it was before the cut off took place. The last cut off

occurred in 1884, before improvement work was well organized,

at Waterproof, 20 miles above Natchez, shortening the river

about 12 miles.

Erosion in the bends does not widen the river because the

convex bank is built out as rapidly as the other caves away, but

it takes many years before the new accretion becomes high enough

and fertile enough to be valuable for agricultural purposes.

The Movement of Sediment.

Material is carried down the river in three ways, viz., in so-

lution, in suspension, and by rolling along the bottom. The sec-

ond is by far the greatest in volume. The material carried in sus-

pension by the Mississippi is received almost entirely from the

Missouri River. At low water the proportion of sediment in the

Missouri River is about 1 part in 1,000, by weight, while at a

flood stage it amounts to 10 parts in 1,000, or 1 per cent of the

weight of water. This means that a flood of 500,000 cubic feet per

second carries with it into the Mississippi about 120 cubic yards

of sediment per second, or more than 10,000,000 cubic yards per

day. It is estimated that 400,000,000 cubic yards per annum are

carried into the Mississippi from the Missouri, and approximately

the same amount passes out into the Gulf. A volume, therefore,

equal to that produced by the river's own caving banks is de-



56 MISSISSIPPI RIVER.

posited as accretions along the banks of the river and on the areas

subject to overflow. A deposit or accretion occurs whenever the

velocity of the current is checked, as for example, below a hurdle

or permeable dike, where the fill frequently amounts to 10 feet

during a single flood. One case is on record of a maximum de-

posit of 64 feet in a single year.

The movement of sand along the river bottom results in the

formation of sand waves, a phenomenon similar to the forma-

tion and movement of sand dunes or snowdrifts by the wind.

Sand waves on the lower river vary from 400 to 1,000 feet in

length, from 8 to 22 feet in height and have a daily movement
downstream of 20 to 40 feet. They have the least dimensions and

slowest rate of travel during low water and the greatest during

high water.

Bars and Crossings.

Concurrently with the erosion and accretion in each bend oc-

curs another process which is equally typical of all alluvial

streams, viz., the formation of a bar or submerged dam across the

channel at the lower end of each bend. These bars do not lie

normal to the banks but extend diagonally across the river, hay-

ing a length at least double the width of the river. In this way
the deep water in the upper pool usually extends downstream past

the head of the ne^.t pool, and the main body of water in passing

from one pool into the next passes over this bar or natural weir

in a comparatively shallow sheet of water. The deepest water in

a bend is always found near the concave bank and the steamer

pilot in passing from the deep water in one pool to the deep water

in the pool below must make a "crossing" in a diagonal course

from, one side of the river to the other.

One of the most interesting characteristics of these bars, and

a most troublesome one to the navigator, is the fact that the top

or crest rises and falls with the water surface. Repeated meas-

urements show that below St. Louis the available depth across a

bar increases only about one-half foot for every foot rise in the

water surface.

After a high water stage if the river falls slowly, say 0.2 or 0.3

foot per day, the current will have time to cut down the bars fast

enough to maintain a good channel, but if the river falls rapidly

the result is most disastrous, as there will be "bad water" on the
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"crossings" until the current has time to cut them down or the

hyrdaulic dredges to dredge a channel through them. For the

guidance of the pilots the "crossings" are indicated by lights and

day marks maintained by the U. S. Lighthouse Service.

Bank Revetment.

When the permanent improvement or regulation of a river

like the Mississippi is undertaken, the first work necessary is the

revetment or protection of its caving banks from erosion, giving

the channel a fixed location and incidentally conserving the fer-

tile bottom lands along the river and reducing the amount of sedi-

ment to be disposed of by the stream. This can be accomplished

the most economically by the use of brush and stone revetment,

constructed during the low water season. Below the water sur-

face the sloping bank is covered with a "mattress" or carpet of

willow brush, covered with a single layer of rubble stone, while

above the water level, where the willows would soon rot, stone

alone is used in a heavier layer.

The width of the mattress varies with the depth of the river

and the friability of the soil. On the upper river the width varies

from 25 to 35 feet, between St. Louis and Cairo the standard

width is 125 feet, and below Cairo, 250 to 400 feet. On the upper

and lower river the mattress is made up of fascines or bundles

of willows fastened together with poles and wire cables, while on

the middle Mississippi the mattress is made by weaving light

willows under and over heavier poles, placed about 5 to 8 feet

apart, parallel to the bank. The willows are 20 to 30 feet long

and from 2 to 4 inches thick at the butt, except the poles, which

are longer and heavier. The mattresses are made on skids sup-

ported on barges, the barges being gradually withdrawn down-

stream, as the mattress is formed, leaving a continuous floating

mattress, which is then sunk from the upstream end by loading it

with stone.

Above the water level, the bank is first graded by a hydraulic

grader to a slope of 1, vertical, to 2.5 or 3.0, horizontal, and cov-

ered with rubble stone placed by hand. Where stone must be

transported long distances, as on the lower Mississippi, it has

been found more economical to use concrete, provided gravel

may be found within a reasonable distance. The heights of the

banks above "standard low water" varies from 10 to 20 feet on
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the upper river, from 20 to 30 feet on the middle Mississippi, and

from 40 to 60 feet on the lower river. The total width of the

protected slope from the top of the bank to the bed of the river

varies from 50 to 500 feet. The cost of bank revetment on the

upper river is from $5.00 to$7.00 per lineal foot of bank, on the

middle Mississippi from $12.00 to $18.00, and on the lower river

from $30.00 to $40.00.

Contraction Works.

Contraction works, as indicated by the name, are built for the

purpose of contracting the cross-section of the river where its

natural width, at low water, is too great and its depth too shal-

low to afford a good navigable channel. The widths to which the

river is being contracted are given in the section on Widths and

Subdivisions. The contraction of the entire flow within a re-

stricted width results in scouring out the bottom to the required

depth. On the upper river, where these works are called wing-

dams, they are built up of alternate layers of brush and stone,—
about two-thirds brush and one-third stone,—to a height of 6 feet

above mean low water. The first or lowest course projects down-

stream about 10 feet beyond the others so as to protect the dam
from underscour.

On the middle Mississippi the contraction works consist of

permeable pile dikes, locally called "hurdles," the piles being driv-

en through a brush mattress having a width of 60 to 100 feet, to

protect it from underscour. The piles are driven in clusters of

three to four each and each "hurdle" consists of two to three

rows of clusters. The rows are about three feet apart, and the

clusters 8 to 10 feet part in the rows and staggered with those in

adjoining rows. Long slender piles are then laid horizontally be-

tween rows, thereby bracing the upper row against the adjoining

row. The tops of the piles are left 15 to 20 feet above low water

at the channel end and 20 to 25 feet at the band end. The piles

vary from 30 to 60 feet in length, according to the depth of the

water, and have a penetration of about one-third their length.

The wing dams on the upper river cost from $5.50 to $8.50 per

lineal foot of dam. and on the middle Mississippi from $20 to $25

per lineal foot. On the lower river no contraction works are be-

ing built as the funds appropriated are needed more urgently for

levees, bank revetment and dredging.
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Dredging and Snagging.

Dredging is carried on extensively to maintain the project

depth where improvement works have not yet been constructed,

and to supplement the scouring action of the contraction works

when the river falls rapidly after a high stage. Most of this work

is done by hydraulic or suction dredges, of which there are 8 on

the upper river, 1 on the middle division, and 9 on the lower river.

The size of the discharge pipe is 12 to 18 inches in diameter, 28

to 32 inches, and 32 to 36 inches, respectively, on the three divi-

sions of the river. The latter have a capacity of 1,000 to 2,000

cubic yards of sand per hour, and the cost varies from five to ten

cents per cubic yard. In addition to the suction dredges, seven

dipper dredges are in use on the upper Mississippi excavating

rock and other hard material, principally on the Rock Island

Rapids.

One snagboat above, and two below the mouth of the Mis>

souri, patrol the river during the navigation season to remove

snags and other obstructions which are a menace to navigation.

To dispose of a snag it is hoisted on deck with machinery, the

portions which will float away are sawed off in short lengths, and

the heavy mass of roots dropped in a deep pool, deposited below

a wing dam, or hauled out on the bank.

Levees.

The main area originally subject to overflow, amounting to

29,790 square miles, begins at Cairo on the left bank and at Cape

Girardeau, 51 miles above Cairo, on the right bank. The entire

levee system includes about 1,570 miles of levee, of which all but

70 miles are now under construction, affording protection during

moderate floods to 26,570 square miles.

Between Cape Girardeau and Rock Island there are addition-

al levee lines aggregating 337 miles in length, but the area pro-

tected probably does not exceed 1,000 square miles. The follow-

lowing remarks refer to the main area below Cairo.

The first levee was built at New Orleans about two hundred

years ago. In 1828 the State of Louisiana took up the matter ac-

tively and up to the time of the Civil War had expended about

$18,000,000, while Mississippi was a close second with $14,000,-

000. The total expenditure by individuals, parishes, and states up

to that time is estimated by C. G. Forshey, of New Orleans, at
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over $41,000,000. During the War and the years immediately

following, many breaks occurred, many miles fell into the river,

and the remainder became badly deteriorated. Work was gradu-

ally resumed but was not pushed actively until the United States

began its co-operation in 1882. The volume in place at that time is

estimated at 32,000,000 cubic yards. The total volume in the

projected system is estimated at 434,000,000 cubic yards, and the

total volume now in place about 290,000,000 cubic yards, leaving

a balance of about 144,000,000 cubic yards to be completed. At

the present time about 20,000,000 to 25,000,000 cubic yards of

new work are added each year, and from 3,000,000 to 5,000,000

cubic yards of old work are lost by caving banks.

The standard levee- cross-section has a top width of 8 feet and

side slopes of 1, vertical, to 3, horizontal. All levees over 12

feet in height are reinforced by a banquet, the top of which is 8

feet below the top of the main levee. The width of the banquet

varies from 20 feet for a levee 12 feet high to 40 feet -for a levee

20 feet high.

The height of the levees, as a rule, varies from 15 to 25 feet,

decreasing to 10 feet near the Gulf, and increasing frequently to

30 feet where they cross old sloughs.

The total amount expended on levees by the United States is

about $35,000,000, and by state and local organizations about

$100,000,000, or a total of about $135,000,000. The amount of

money necessary to complete the system is estimated at $60,000,-

000 to $75,000,000.

The Passes and Jetties.

At the Head of the Passes, 96 miles below New Orleans, the

river divides into three main outlets : Pass a Loutre, which takes

about 50 per cent of the discharge and subdivides into three small-

er passes ; Southwest Pass, which takes about 40 per cent of the

discharge, and South Pass, which receives only about 10 per cent.

Much work was done on the bars at the mouths of these

passes in attempting to maintain ship channels across them. From
1836 to 1878 about $2,500,000 was expended on various unsuc-

cessful devices and plans. In 1875 Congress authorized James

B. Eads to construct jetties and auxiliary works to develop a

deep channel in the South Pass. He secured a 30-foot channel
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and was paid the contract price of $5,250,000 and $100,000 per

annum for maintaining it from 1S81 to 1900, inclusive.

The Eads Jetties originally consisted of two parallel structures

about 1.2.000 feet long and 1,000 feet apart. Each jetty was

built up of alternate layers of willow fascines and rubble stone,

the top width increasing from 10 feet near the shore to 50 feet at

the outer end in 30 feet of water. Later a second pair of jetties

was built inside the first, 800 feet apart and subsequently spur

dikes were added, which contracted the channel still further. The

old jetties were surmounted by a concrete wall 4 to 12 feet wide

at the base and 5 to 7 feet high. The total length of the South

Pass, including the Eads Jetties, is 14 miles.

In order to secure a more commodious channel than that af-

forded by the Eads Jetties, Congress in 1902 adopted a project

for constructing jetties and auxiliary works in the Southwest Pass

to develop a channel 1,000 feet wide and 35 feet deep at an esti-

mated cost of $6,000,000.

For economical reasons the jetties were built in shallow water

and no attempt was made to keep them parallel except at the

outer end. Their distance apart varies from 7,000 to 3,450 feet.

Each jetty is built up of willow mattresses about 2 feet thick, each

mattress heavily loaded with rubble stone. The mattresses are

150 to 200 feet wide at the bottom and decrease to 35 feet in

width at the top, which is covered with a concrete coping 12.0

feet wide and 4.5 feet high, with the top at elevation of mean
high tide. The settlement of the jetties has amounted to about

4 feet, which was allowed for in the original construction.

The dredged channel is now about 75 per cent completed,

about 25,000,000 cubic yards having been removed, giving a min-

imum width of 130 feet and a depth on the bar of 30 feet where

there was originally only 9 feet. The length of the jetties is 4.5

miles and the total length of the Southwest Pass 19.5 miles.

Cost of Improvement.

The total expenditures by the United States to June 30, 1914,

on the improvement of the Mississippi River, including con-
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struction, maintenance, and operation of reservoirs, locks and

dams, is approximately as follows

:

Snagging, St. Paul to New Orleans $ 4,400,00

Improvement Works and Dredging,

Above St. Paul 4,300,000

St. Paul to mouth of Missouri River 21 .100,000

Mouth of Missouri River to Cairo 10,200,000

Cairo to Head of Passes 46,700,000

Passes _ 20,300,000

Levees 33,500,000

Total $146,500,000

The amounts expended by the several states and local inter-

ests are not so well known but are roughly estimated at about

$100,000,000 for levees and $10,000,000 for docks and revetment

works at the larger cities. The hyrdo-electric power develop-

ment at Keokuk represents an investment of $25,000,000. Small-

er water power plants at Rock Island, St. Paul and points further

upstream cost many millions more.

Early Navigation.

Following the universal use of the canoe by the Indians and

early explorers came the flatboat, piroque, mackinaw boat, keel-

boat and barge. On account of the hard labor involved in pad-

dling, poling, warping or cordelling against the current, the com-

merce downstream was always greatly in excess of that upstream.

Cheap boats were built on the upper waters of every large river,

floated downstream with their produce, and then sold with their

cargoes or abandoned. Previous to the year 1817, the whole

commerce from New Orleans to the upper country was carried

in about twenty barges, averaging 100 tons each, and making but

one trip in each year.

The first steamboat built in the Mississippi Valley was the

"New Orleans," built at Pittsburgh in 1811. She was 138 feet

long, had a capacity of 300 or 400 tons, and cost $38,000. The

sixth boat was the "Zebulon M. Pike," built in 1815, the first to

ascend the Mississippi above the mouth of the Ohio, and the first

to touch at St. Louis (1817). Details of the first sixty-three

boats built on the Mississippi and its tributaries are given in
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Seharfs "History of St. Louis." The forty-fifth to the sixty-

third were built in 1819 and indicate the rapidity with which the

new form of navigation was being developed. The boats varied

in size from 25 to TOO tons, but most of them ranged from 80 to

.300 tons, the most popular size being 150 tons. The "Cincinnati

& Louisville Mail Lines/' the first line of steamboats organized in

the Mississippi Valley, was established in 1818.

On January 1. 1834, an official list gave the total number of

steamboats as 230, with an aggregate tonnage of 39,000. The

capital invested was estimated at $3,000,000. Of this number

36 steamboats of over 200 tons plied between New Orleans and

Ohio River points with an aggregate tonnage of 12,686 ; 4 in the

St. Louis trade with an aggregate tonnage of 1,002 ; 7 in the cot-

ton trade with an aggregate tonnage of 2,016 ;
57 boats, not in es-

tablished trades, from 120 to 200 tons, aggregated 8,641 tons;

126 under 120 tons, in various trades, aggregated 14,655 tons;

grand total, 39,000 tons. Besides the steamboats, it was estimated

that 4,000 flatboats annually descended the river, having an ag-

gregate tonnage of 160,000. The total number of steamboats built

from 1811 to January 1, 1834, was 573; the difference between

that number and the 230 in service represents the number worn

out and lost—principally the latter.

The Rise and Decline of River Commerce.

In 1842 the number of steamboats employed in navigating the

Mississippi and its tributaries was estimated at 450 with an aver-

age capacity' of 200 tons each, making an aggregate of 90,000

tons. The cost of these boats was estimated at $7,000,000, and

the number of men operating them at 35,000. The first company

organized to operate a line of steamboats on the upper Missis-

sippi was established that year. The number of steamboat ar-

rivals in St. Louis during that year was 2,412, with 467,824 tons,

besides 801 flatboats and exclusive of the daily packets to Alton.

At Xew Orleans the number of arrivals was smaller but the ton-

nage was larger—550,500 tons, valued at $50,000,000. The num-
ber of steamboats lost each year was surprisingly large. In

1846, 36 vessels were lost, of which 24 were sunk by snags and

submerged rocks, and the remainder by fire, explosion and col-

lision. During the same year, 108 new boats were built with a

tonnage of 51,660 at a cost of $1,450,000.
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The transportation of coal down the Ohio and Mississippi,

which was destined to develop into such large proportions, began

in a small way in the early 'forties. In 1844, it amounted to 737,-

000 bushels; in 1845, 4,605,000; in 1850, 12,298,000; in I860,

37,948,000 ; in 1870, 57,596,000; in 1880, 84,048,000, and in 1886,

109,895,000.

The official returns of St. Louis for the year ending June 30,

1853, show 3,307 arrivals with a tonnage of 45,401. This was

exceeded only by the tonnage of New Orleans and New York. In

consequence of an unusual low water season in i860, freight rates

on the upper Mississippi, Missouri, and Illinoi", ruled very high

and the number of marine disasters reached the astounding total

of 299. This was followed by a general paralysis of all industries

and commerce during the next four years, so that after the Civil

War it was necessary to start all over again. In this rebuilding

most of the steamboats and barges were built of larger propor-

tions than before the War.

The rise and decline in, river traffic is well shown in the fol-

lowing extracts from the annual reports of the Merchants' Ex-

change of St. Louis

:

PORT OF ST. LOUIS.

ARRIVALS DEPARTURES

Year
No. of

Boats
No. of

Barges
Tons of

frgt. rec.

Tons of

lumber
rafted

No. of

Boats

Tons of

Freight

1860 3,580 1,600 450,000* No rec. 3,600 400,000*

1865 2,767 1,141 910,000* " " 2,953 865,000*

1870 2,796 1,195 930,000* " " 2,782 824,000*

1875 2,201 743 663,525 " " 2,223 639,095
1880 2,871 1,821 893,860 198,315 2,866 1,038,350

1883 2,240 1,185 629,225 231,285 2,140 677,340
1885 1878 1,030 479,065 217,860 1,828 534,175
1890 1,927 1,274 530,790 132,940 1,910 617,985
1895 2,007 1,126 410,145 98,685 1,904 303,355
1900 1,622 595 438,670 73,340 1,605 245,585
1902 1,465 451 386,045 30,875 1,448 224,261

1905 1,074 385 288.640 1,210 1,057 80,575

1910 559 209 143,540 None 537 48,425

1914 698 38 88 655
"

694 48,935

/ p-roxlmate.

There was a decline in river commerce from 1870 to 1877,

followed by a revival for a few years, since which there has been

a steady decline. The decline on the Ohio and lower Missis-
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sippi has also been quite marked but not to so large a degree as at

St. Louis. The freight delivered at New Orleans by river in

1909, expressed in tons, was as follows: Coal, 740,000; lumber,

110,000; gravel, 150,000; cotton. 60,000; oil, 40,000; provisions,

38,000; iron and steel, 15,000; passengers, 5,000.

The cause of the decline in river commerce is a mooted ques-

tion. Primarily it has been due to the more efficient service ren-

dered by the railroads, combined with rate cutting by the rail-

roads in favor of river towns. The latter practice was stopped

by the Interstate Commerce Commission but the damage was al-i

ready done. To the above must be added: (1) uncertainty and

irregularity of service: (2) instability of rates; (3) short life of

the individual steamboat; (4) lack of effective line organiza-

tion: (5) extravagance engendered by early prosperity. The

likelihood of a revival of river commerce is also a mooted ques-

tion. If it is accomplished, as many hope and believe it will, it

will no doubt be along the lines successfully adopted in Europe

;

( 1 ) ample and efficient river terminals maintained by the munic-

ipalities for use of all boats; (2) the operation in each line

of a large number of boats by companies with ample capital work-

ing in co-operation with the railroads; (3) the separation of

freight and passenger traffic, using fast steel packets with modern

accommodations for passenger service, and powerful and ef-

ficient towboats with covered steel barges for freight traffic.
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of the Mississippi" (1904) ; Griffin, "Bibliography of the Dis-

covery of the Mississippi River," in Joutel's "Journal of La Salle's

Last Journey" (1906) ;
Matthews, "Remaking the Mississippi"

(1909) ; Chambers, "The Mississippi River and Its Wonderful

Valley" (1910). For floods, levees, commerce, physical char-

acteristics and engineering features see Humphreys and Abbot,
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"Physics and Hydraulics of the Mississippi River" (1861) ;
Eads,

"Physics and Hydraulics of the Mississippi River" (1876);

Corthell, "History of the Jetties at the Mouth of the Mississippi

River" (1880) ;
Dawson, "Notes on the Engineering Works of

the Mississippi River" (1900) ; Tompkins, "Riparian Lands of

the Mississippi River, Past, Present, Prospective" (1901) ;
Thom-

as and Watt, "The Improvement of Rivers" (1913) ; Van Ornum,
"The Regulation of Rivers" (1914) ; Humphreys, "Floods and

Levees of the Mississippi River" (1914) ; "Report on Survey of

Mississippi River from St. Louis to Its Mouth" (1909), House
of Representatives, Document No. 50, Sixty-First Congress,

First Session ; "Transactions, American Society of Civil Engi-

neers" (1867 to 1914) ; "Journal of the Association of Engineer-

ing Societies" (1881 to 1914) ; "Reports and Communications,

Permanent International Association of Navigation Congresses"

(1885 to 1912) ; "Professional Memoirs, Engineer Department,

U. S. Army" (1909 to 1914) ; "Annual Reports of the Chief of

Engineers, U. S. Army" (1866 to 1914) ;
"Annual Reports of the

Mississippi River Commission" (1879 to 1914) ; "The Missis-

sippi River from St. Louis to the Sea" (40 maps, 1 inch = 2

miles) (1892) ; "Detail Charts of the Lower Mississippi from the

Mouth of the Ohio River to the Head of the Passes" (Nos. 3 to

88, inclusive, two scales, 1 inch = 1 mile, and 1 inch = 1,666

feet) ; "Detail Charts of the Upper Mississippi River from the

Mouth of the Ohio River to Minneapolis" (Nos. 101 to 189, in-

clusive, scales same as above) ; "Detail Charts of the Upper Mis-

sissippi River from Minneapolis to Its Headwaters" (Nos. 210 to

278, inclusive, scales same as above).

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-

sequent number of the Journal.]



ASPHALTIC AND BITULITHIC PAVEMENTS
COST OF RAW MATERIAL AND COST OF MIXING

By R. S. Dvlin.

[Read before the Oregon Society of Engineers, May 19, 1915.]

In presenting these cost data in regard to bituminous pave-

ments, I will cover the cost of the raw materials actually en-

tering into the various bituminous and concrete pavements as

laid under the standard specifications of the City of Portland,

as well as the cost of mixing bituminous pavements. Mr. Mc-
Mullen, who had had thirteen years' experience with the laying

of hard surface pavements, will enter into the costs of haul,

scarifying of old foundation and laying of the pavement.

On May Hth, 1914, the City Council passed ordinance

Number 28,915. which provided for standard specifications for

the various kinds of pavements that might be laid in the city.

Early in 1915. I prepared laboratory samples of the various

kinds of bituminous pavements in strict accordance with the

standard specifications and secured comparative cost data con-

cerning the materials in the various pavements.

The unit prices used for the various ingredients in the

pavement mixtures have been taken as the same for the same
materials no matter in wrhich pavement they were used, so

that the cost data for the various pavements are strictly com-

parable and furnish good means of comparison with' each

other. Any deviation that would occur in practice in laying

these pavements due to uneven sub-grade, et cetera, will affect

all pavements alike and does not vitiate these comparative

data.

The order in which these pavements will be discussed, will

be asphaltic concrete on three inch bituminous base; gravel

bitulithic on three inch bituminous base ; asphaltic concrete

on four inch crushed rock base ; bitulithic on five inch con-

crete base; bitulithic on four inch crushed rock base; sheet

^Chief of the Bureau of Standards, Dept. of Public Works, Portland.
Oregon.
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asphalt on five inch concrete base ; asphaltic concrete redress

on one and one-half inch crushed rock base; five inch concrete

pavement based on a 1-2-1- mixture; Hassam, Class A, six

inches, and Class B, five inches thick.

Asphaltic Concrete Wearing Surface.

Asphaltic concrete wearing surface, one and one-half inches

thick on a one inch binder. The proportions of the various

materials used in the preparation of the samples of asphaltic

concrete wearing surface and binder were made as near the

mean of the proportions required by the specifications as pos-

sible. The following statements show the limiting propor-

tions of the various ingredients and materials required by the

specifications for the asphaltic concrete wearing surface, the

mean of the various proportions actually used in the sample,

the weight in pounds of the various ingredients used in the

batch from which the sample of asphaltic concrete was made.

PROPORTIONS OF ASPHALTIC CONCRETE WEARING SURFACE:

Material
Limits

Specifs.
Mean Actual

Prop'rt'n
Wght. in

Mixt. lbs.

Rock passing 1
/2

// screen 5 to 9% 7.0% 7.0% 70
Rock passing y±" screen 27 to 31% 29.0% 29.1% 292
Sand passing 10 mesh screen 13 to 17% 15.0% 14.9% 150
Sand passing 40 mesh screen 28 to 33% 30.5% 30.6% 308
Filler passing 200 mesh screen 6 to 10% 8.0% 8.0% 80

Asphaltic cement 9 to 12% 10.5% 10.4%

100.0%

105

1,005

The specific gravities of the component parts were found

to be as follows

:

Rock 2.85

Sand (passing 10 mesh screen) 2.69

Filler 3.10

Asphaltic Cement 1.06

Now, it is well to explain here that the high specific gravity

of the sand is due to a considerable proportion of fine crushed

rock that has a specific gravity of 2.85 and is fine enough to

pass the 10 mesh screen. The filler used was Portland cement,

with 3.10 specific gravity.
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The aggregate in the trial batch weighed 900 pounds and

when well mixed and compacted, was found to have a volume

of 6.96 cu. ft. If this aggregate were absolutely voidless and

possessed the density indicated by the specific gravity of its

component parts, the volume would be 5.17 cu. ft.

Hence: 6. 96 - 5. 17 = 25.7%, which indicates the per-
6. 96 x 100 '

' r

centage of voids in the aggregate.

The specific gravity of the aggregate was found to be

:

90Cj == 9 79
5. 17 x 62. 4

One hundred and five pounds of asphaltic cement was
next added to the 900 pounds of aggregate, and complete

samples of asphaltic concrete wearing surface were made.

Tests of these samples indicated that the completed wearing

surface had a specific gravity of 2.316.

If this completed wearing surface had been made abso-

lutely voidless and possessed the specific gravity of its com-

ponent parts, the batch of 1005 pounds would have occupied

6.76 cu. ft. This would give a specific gravity equal to

:

1005
6. 76 x 62. 4

., or 2.38, for a voidless pavement.

Hence :

2
-
38 - 2

-
316

, or 2.69, indicates the percentage of
2. 3S x 100 r °

voids actually existing in the completed wearing surface.

Since the aggregate alone possessed a specific gravity of

2.7 9. and the completed wearing surface had a specific gravity

of 2.316, the specific gravity of the finished wearing surface

was equal to 83 per cent of the aggregate.

The weight of one cubic foot of this finished wearing sur-

face was equal to

:

2.316x62.4 or 144.5 pounds.

Hence the trial batch of 1005 pounds would lay:

1005 or 6.9 cu. ft. of pavement.
144.5

As a wearing course \]/2 inches thick requires 1.125 cu. ft. of

pavement, the batch of 1,005 pounds would lay :

——-— or 6.1 sq. yds. of 1^4-inch wearing surface.
1.125

The following table shows the cost of the materials (at

the bunkers of the paving plants) comprising the batch of
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1005 pounds from which 6.1 sq. yds. of asphaltic concrete

wearing surface l l/2 inches thick may be made:

Material
Weight
in lbs.

Vol. in

cu. ft. as
measured

'

at bunkers

Cost at prevail-

ing prices at

bunkers

Total cost

material
in batch

of 1005 lbs.

Filler
\ ?ock ?ust

I Cement
60 .60 $ 1.00 per c. y. .022

20 .20 6.00 per ton .060

,, , f Rock Screenings
band

{ Sand
144
314

1.37

2.99

1.00 per c. y.

.70 per c. y.

.050

.077

Asphaltic Cement 105 1.59 10.50 per ton .551

Rock 362 3.51 1.00 per c. y. .130

.890

These prices are the orices that the City was paying at

the beginning of 1915. I do not know whether or not they

have changed since then.

This table may be explained in a shorter way, when the

materials are classified simply as rock, sand, Portland cement

and asphaltic cement

:

Material
Percentage
in batch

Cost

Rock
Sand
Cement Filler

Asphaltic Cement

56.3

31.2

2.0

10.5

0.202

0.077

0.060

0.550

Total 0.889

In the. laboratory samples as actually constructed, the

filler was entirely composed of cement, but actual analysis

of pavements laid in the City show that 75 to 100 per cent of

the filler is ordinarily composed of rock dust, so the cost data

have been prepared on the supposition that the filler is com-
posed of 75 per cent rock dust and 25 per cent cement. Now,
6.1 sq. yds. of asphaltic concrete wearing surface lj/2 inches

thick may be made from this trial batch of 1005 pounds, the

material for which cost $0.89 or $0,146 per sq. yd. of finished

wearing surface.

Binder Course.

Making a similar study of the binder course which is one

inch thick and laid under all asphaltic, concrete and sheet
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asphalt pavement wearing surfaces, we find that the cost of

materials for binder in a batch of 1055 pounds is as follows

:

Material
Weight
in lbs.

Vol. in
cu. ft. as
measured
at bunkers

Cost per cu.

yd. at prevail-

ing prices at

bunkers

Total cost
material
in batch

of 1055 lbs.

Rock
Sand Screenings
Sand
Asphaltic Cement

682
100
218
55

1055

6.14

0.95

2.08

0.83

$1.00

1.00

0.70

10.50 ton

$0,227
0.035

0.054

0.289

$0,605

When the materials are classed simply as rock, sand and

asphaltic cement we find their respective percentages and

costs to be as follows

:

Material
Percentage by

weight
Cost

Rock
Sand
Asphaltic Cement

74.1

20.7

5.2

$0,262
0.054

0.289

Total $0,605

Xine and four-tenths sq. yds. of asphaltic concrete binder

one inch thick may be made from this trial batch of 1055

pounds, the materials for which cost $0,605, or $0,064 per sq.

yd. of finished binder.

Bitulithic Wearing Surface.

The following study shows the cost of the material at the

bunkers of the paving plant, comprising the batch of 1085

pounds from which 4.7 square yards of bitulithic wearing

surface two inches thick may be made

:

Material

Sand 3 *ock screenings
I Sand

Filler i ?ock ?
ust

| Cement
Rock
Asphaltic Cement

Vol. in
Weight cu. ft. as

Cost at prevail- Total cost

in lbs.

192
41

14
665
85

measured :

mV"CeS

at bunkers
bunkers

at of material
in 1085 lbs.

$ 1.00 per c. y.

.70 per c. y.

1.00 per c. y.

6.00 per ton
1.00 per c. y.

10.50 per ton

$0,031
0.047

0.015

0.042

0.222

0.446

$0,803
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When the materials are classed simply as rock, sand, Port-

land Cement filler, and asphaltic cement, we find their re-

spective weight, percentages and costs to be as follows

:

Material
Percentages by

weight
Cost

Rock
Sand
Filler

Asphaltic Cement

73.2

17.7

1.3

7.8

$0,268
0.047

0.042

0.446

Total $0,803

In the laboratory samples as actually constructed, the

filler was entirely composed of cement, but actual analysis of

pavements laid in the city show's that from 75 to 100 per cent

of the filler is ordinarily composed of rock dust, and the cost

data have been prepared on this basis. We supposed that

25 per cent would be Portland cement for filler, or something

that would cost about the same thing. Some of the limestone

fillers would cost about the same. The cost of the filler would

be $6 per ton. Portland cement is variable in price. The
Portland cement used for filler would probably be some dam-

aged cement and it is supposed that the contractor would not

have to pay as much for that filler as he would have to pay for

the cement that is to be used in the other work.

Four and seven-tenths sq. yds. of bitulithic wearing surface

two inches thick may be made from this trial batch of 1085

pounds, the material of which will cost $0,803, or $0,171 per

sq. yd. of finished wearing surface two inches thick.

Sheet Asphalt Wearing Surface.

The cost of materials in a batch of 1136 pounds was found

to be as follows

:

Material
Weight
in lbs.

866"

134
136

Perc. by
Wght.

Vol. in
cu. ft. as
measured
at bunkers

Cost at

bunkers
Total
Cost

Sand
Filler (cement)
Asphaltic Cement

76.2

11.8

12.0

9.46

1.25

2.06

$ 0.70 per c. y.

6.00 per ton
10.50 per ton

$0,245
0.714

0.402

$1,361

Hence, the materials in a batch of 1136 pounds may be

secured at a cost of $1,361, from which 5.8 square yards of
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wearing surface two inches thick may be made, or at a cost

of material of $0,235 per square yard.

The bituminous base, three inches thick was worked out

in about the same manner. It is hardly necessary to go

through all the details, which were worked out on the same

basis.

Concrete Pavements and Base.

For five inch concrete base, the specifications require that

1-3-6 mixture be used, the maximum size of gravel being two

and one-half inches in any direction. The method of calcu-

lation depended on the use of Fuller's formula for determin-

ing the amount of sand, rock and gravel and the number of

barrels of Portland cement. The formula shows that 1.1

barrels of Portland cement, 0.47 cubic yards of sand, and 0.93

cubic yards of gravel are required to secure one cubic yard of

concrete having these proportions. The cement was figured

at the present price of $1.70 per barrel and the sand and gravel

both at $0.75 per cubic yard. This makes a cubic yard of this

mixture cost $2.85 for materials.

Inasmuch as a cubic yard of concrete, the material of which

cost $2.85, will lay 7.2 square yards of concrete base five inches

thick, the cost of materials in a five inch base is $0,396 per

square yard.

The concrete pavement was calculated in the same man-
ner, for the various thicknesses. My estimates for the costs of

the materials in twelve different types of pavement are sum-
marized in the following table

:
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Cost of Mixing Bituminous Pavements.

Probably, the data dealing- with the cost of mixing bitu-

minous pavement which will prove of most interest to the per-

sons here present are those which I have secured from John
R. Penland, City Engineer of Albany, Oregon, who has kept

complete cost data for the laying of bituminous pavements.

Between August twelfth and October twenty-second, 1914,

17,035 square yards of asphaltic concrete wearing surface one

and one-half inches thick on three and one-half inch bitu-

minous base were mixed at the following costs per square

yard for labor and fuel

:

The total cost was $441.33 for fuel oil, or at the rate of

$0,026 per square yard
; $89.35 for cordwood was used at the

plant, or at the rate of five mills per square yard. The total

cost of labor was $1373.46,—that is for plant labor only,—or

at the rate of 8.1 cents per square yard, making a total cost

of 11.2 cents per square yard for mixing. This is, of course,

the cost of mixing for a five inch pavement. Now, figuring

on the cost of a two inch wearing surface the rate would be

four and five-tenths cents.

(For discussion, see page 79).



ASPHALTIC AND BITULITHIC PAVEMENTS
COST OF GRADING, HAULING, SPREADING, ROLLING, Etc.

Mr. R. G. McMullen.*

[Read before the Oregon Society of Engineers, May 19, 1915.]

Inasmuch as Mr. Dulin has gone through the cost of the

raw material in his discussion, he has left a large part of the

work for me, such as making the road, hauling, scarifying

roads, shaping, spreading, rolling, etc. From the cost data in

our hands in regard to making the asphaltic concrete mixture,

or these others that have been referred to, we find the cost of

mixing one square yard of bituminous pavement two inches

thick to be 6c per square yard.

The cost of hauling is' based on the ton-mile basis, using

auto trucks of five tons capacity. The cost of operating one

five ton truck, as compiled from the records kept by Mult-

nomah County for the past year is as follows

:

Salary of driver per day $3.50

Wear on tires per mile 05

Depreciation on truck per mile 04

Repairs to truck per day 2.00

Gasoline consumed at the rate of four miles to one gallon,

lubricating oil at 80 miles to one gallon, grease at 10c to 15c

per day, interest on the original cost of truck, 6 per cent.

We figure the repairs to truck at $2.00 per day for every

day in the year, making $732 per year. From the above unit

prices the cost per ton mile has been calculated and shown by

the County Records to be as follows

:

One mile 161c

Two " 250

Three " .355

Four " _ 465

Five " _ :... _ 562

Six " .630

Seven "
__ _ .680

Eight " 728

Nine " 768

Ten " 800

*Assistant Engineer, Department of Public Works, Portland, Oregon.
76
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The tabulation given by the County is for 1 cu. yd. which

weighs from 2800 to 3100 lbs. Reducing the cost of haul from

the cu. yd. basis to the ton-mile basis, we find the cost will

average for a 7 I/4 mile haul $0,572 per sq. yd. One ton of

mixed material will lay 9 sq. yds. of pavement, 2 inches thick,

after compression. Therefore, for convenient reference, a rate

of 1 cent per mile for 1 sq. yd. of pavement is enough to cover

cost of haul.

The cost of hauling crushed rock for a base iy2 inches

thick, used for spreading over old macadam, would be for a
7

" _ mile haul, $.038 per sq. yd.

The cost of scarifying old macadam would be $.06 per

sq. yd.

The cost of spreading and rolling new base, \y2 inches

thick, would be $.028 per sq. yd.

The cost of spreading and rolling the top or wearing sur-

face, 2 inches thick, would be $.06 per sq. yd.

In addition, we have added 20 per cent to cover overhead

charges, accounting and incidentals, which makes the total

cost of laying pavement by County work, $0,599 per sq. yd.

There will be considerable fluctuation in the percentage

added, as the details of some parts of the work will cost more,

and some less, than 20 per cent.

In addition to all the costs referred to, an additional cost

has been added, that of 10c per cu. yd. for the handling of the

raw material at the mixing plant, as some of the material has

to be moved 50 or 60 feet from stock piles to the mixer.

"We have prepared a table of all detail costs in cu. yards

and sq. yards for the different Multnomah County roads, and

we have filed a copy with the Board of County Commissioners,

which is now of public record and open to inspection. In

addition, we filed a detailed statement of the cost of paving

Sandy Road, it being the road farthest from the County

Quarry at Kelly Butte. The other roads contemplated for

paving being much nearer, so that the cost of haul is reduced

on each of the subsequent roads. The extreme on the Sandy
Road being out near Troutdale. The Sandy Road haul is a

maximum of 11 miles, the shortest haul being 4 miles and the

average being 7.5 miles. Some of the remaining roads are

about 2 miles from Kellv Butte.
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Our data is based upon facts we have obtained from others

at different places where these things have been done. I hap-

pened to pick up a copy of the Engineering News the other

day and found figures in substantiation of our estimate of

costs. The issue of the Engineering News is that of May 13th,

1915, and the article I refer to is found on page 941, where it

quotes Mr. H. E. Hilts, Engineer of the Association of Amer-

ican Portland Cement Manufacturers, which maintains a corps

of inspectors and engineers whose services are furnished the

cities, counties and states, constructing concrete highways

;

to the end that the work may be carried out in such a manner

as to produce a satisfactory and durable roadway. In a paper

entitled "Cost and Economy of Cement Concrete Pavement,"

read at the Cornell Good Roads Convention, Mr. Hilts pre-

sented some valuable figures, showing the average cost of

1,500,000 sq. yds. of concrete pavement laid on roads and

streets in 1914, under the inspection of the Association. These

figures represent work performed on 95 different contracts

in 20 different states. A table by Mr. Hilts, published in the

Cornell Civil Engineer for March and April, gives an average

cost per sq. yd. for the 1,500,000 sq. yds. of pavement of $1,058.

It should be noted that this is actual cost and does not include

the contractor's charges for overhead charges and profits. The
figures from states where only a small amount of concrete

pavement was laid are of comparatively little importance, as

special conditions may have caused certain items in the cost to

be abnormally low or abnormally high. The figures from

such states as New York, with 730,000 sq. yds., Connecticut with

200,000 sq. yds., and Iowa with 90,000 sq. yds., represent

enough work to make the itemized figures valuable.

It is of interest to notice, as an illustration of the efficiency

with which the building of concrete roads is now performed

that of the total cost of the paving 70 per cent is the cost of

materials, leaving 30 per cent, or a little over 30c per square

yard for the entire cost of the labor, the hauling of the material

and the use of the mechanical equipment on the job. In

other words, the cost of the raw materials was $0.74 and the

cost of the labor, $0.31, making a total of $1.05. Ordinarily

the concrete pavement is 6 inches thick, while the bituminous

pavements are 2 inches thick and the materials in the bitu-
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minous pavements are not so expensive as they are in the

concrete pavements. These figures, therefore, bear us out in

our contention, that two inch bituminous pavements can be

laid for $0.60 per sq. yd., including overhead charges, etc., or

at an actual cost of $0,532.

The reference is the average cost for one million and a

half yards, as laid in eighteen different States, viz : Wiscon-

sin. Ohio. New York, Connecticut, Indiana, Illinois, Iowa,

Maryland. Massachusetts. Michigan, Missouri, making a fair

average of costs throughout the United States.

DISCUSSION

The President. 1 am sure that we have been much interested

in what these gentlemen have had to tell us concerning the cost of

bituminous pavements. We have many here who are interested

in the subject and who would without doubt like to discuss the

matters brought out by these two papers, and to ask some ques-

tions of the authors of the papers, which, I am sure, they will

gladly answer.

Mr. R. G. Dieck (Commissioner of Public Works, Portland).

Before there is any discussion of the paper of this evening, I wish

it to be understood that the statements and sentiments expressed

are not approved by the Department of Public Works. As long

as it has been announced that the two gentlemen who addressed

us are employees of the Department of Public Works, the stand

of the Department in regard to what they may say ought to be

known.

Mr. Stevens. I would like to ask whether these costs of haul-

ing, and of placing the preparation on the road, have been arrived

at by means of work that has actually been done.

Mr. McMullen. The cost of scarifying the road is arrived

at in two or three different ways. In the past years, the city of

Portland has let a great number of contracts for hard-surfacing

macadam roads, containing from eight to ten inches of macadam.

This old macadam material had to be "rooted" up, excavated and

hauled away. About the highest bid the city of Portland ever

received was $0.7 5 per cu. yd. for breaking up, removing and

hauling away this old macadam material. 18 sq. yds. of roadway

surface may be scarified to a depth of two inches per each cu. yd.

of material removed. Our estimated cost of six cents (6c) per
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sq. yd. for scarifying is at a rate of $1.08 per cu. yd. In scari-

fying a road we do not have to pick it up and haul the material

away, as we do in the case of paving old macadam roads, for

the surplus material can be deposited alongside the roadway.

Therefore, it is a question of $0.75 per cu. yd. for scarifying by

contractors' bids as against $1.08 per cu. yd. as allowed in our

estimate of six cents (6c) per sq. yd., so, I consider our estimate

for scarifying as sufficiently high.

Mr. Stevens. That explains the cost of preparation of the

roadbed. You also gave a price of six cents for mixing. Where
do you get those figures ? Were those figures arrived at from ac-

tual cost of work done in the past?

Mr. McMuleEn. Yes, sir. The cost given in this list, which

Ihave here, I have found to be correct from my own notes, that

I have taken in the past. Even then, I find by comparison with

cost data from other cities, that I am still pretty high. The ac-

tual cost that was found to be incurred in work done under Mr.

John R. Penland, the City Engineer of Albany, Oregon, is lower

than the prices I have given here. Taking his record, we find that

the total cost for mixing is as follows

:

For fuel and oil $.026 per sq. yd.

For cordwood 005 per sq. yd.

For plant labor 081 per sq. yd.

$.112

This is the total cost of mixing aphakic concrete pavement,

five inches thick, consisting of 3^ inch bituminous base and 1^4

inch wearing surface. Assuming that the cost of mixing varies

as the thickness of the pavement, the cost of mixing for a two-

inch wearing surface would be $0,045 per sq. yd.

Mr. Stevens. Now, of the total cost for the pavement, as it

is finished, what is the percentage of cost for labor and what per-

centage is cost of material, in some of your estimates?

Mr. McMullEN. We have not that segregated. At least, we

haven't segregated it in estimating the cost of bituminous pave-

ment.

J. P. NewELE. Do your cost figures include interest and de-

preciation on plant?

Mr. McMueeEn. They do. My figures include 6 per cent in-

terest and 10 per cent depreciation on the plant.
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Mr. W. B. Warren, Vice-President of Warren Brothers Com-
pany. I would like to know how the price, the cost of materials

and the cost of labor compare with the contractor's cost for the

same thing.

Mr. McMullen. The contractor's costs are, in many re-

spects, different from ours. IN THAT WE ARE NOT CON-
TRACTORS. WE HAVE NOT TAKEN INTO CONSIDER-
ATION MANY THINGS THAT THEY DO.

Mr. W. B. Warren. You admit that there are many thing's

that the contractors have to take into consideration, which you do

not consider at all?

Mr. McMullen, There are many questions on the contrac-

tor's side that we do not take into consideration. We were speak-

ing of the actual cost of laying this pavement, and we do not

consider the question of profit in the matter at all.

Mr. W. B. Warren. You ought to know, however, just what

you would contract that same thing for.

Mr. McMullen. The prices that the contractors have bid on

the different pavements are on record in the City Hall, and if you

will take the trouble to look at them, you will find that these bids

range from Si.04 to $1.95.

Mr. W. B. \W\rren. Were those figures compiled from the

records, and with regard to the central paving plant at Kelly's

Butte ?

Mr. McMullen. Yes, sir.

Mr. W. B. Warren. With regard to depreciation, I would like

to ask you if you do not think that 10 per cent depreciation on

paving plants and on crushing plants is a little bit small.

Mr. McMullen. No ; I do not think so.

Mr. W. B. Warren. Do you figure in any liability insur-

ance ? Do you consider anything of that sort ?

Mr. McMullen. That is all covered.

Mr. W. B. Warren. As to the cost of materials that would

go to make up different pavements, I think you will find, as it

seems to me, that there is a certain amount of theoretical head-

work about this. There is considerable difference in the work-

ing out of it in a practical way, you will find, from your theory.

I noticed this particularly in Mr. Dulin's paper, discussing the

cost of material. He takes, for instance, the cost of rock in

bunkers at $1.00 per cu. yd. And he takes the cost of asphalt at
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$10.50 per ton, and then he figures out how much material would

be in the pavement, how much material he could put in there at

those prices. I do not think that he would reach the figures that

he did and the conclusions that he gave, if he figured this out the

way he should. In practice, I believe, he would find that it would

not work out, in a good many instances, in the way that he has

attempted to work it out on paper here. For example, I would

like to point out his figure on rock of $1.00 per cu. yd. in the

bunkers. He does not figure on the amount of moisture that the

rock in the bunkers will contain. Rock, when it is wet, is of a

different nature than rock when it is dry. When it is wet, and

when they have crushed it, it holds 15 per cent of moisture. That

in weight, per cu. yd., assuming that the weight of it will be 2,700

lbs., would be quite an item, and the amount of moisture makes

considerable difference. When you reduce the cu. yd. to its actual

weight, when it is dry, you will find that there is an actual loss

to the contractor, of from 15 to 20 per cent. Now, there is an-

other point in the matter of asphalt that was overlooked, and he

will find some difference between his theoretical figures, and the

actual facts, when he gets to working on them. Asphalt at $10.50

on the dock does not mean asphalt at $10.50 as actually used.

This is true, because when you come to buy a ton of asphalt, at

least 10 per cent of it is wood, of the barrel staves, and also a

considerable amount of it sticks to the barrel, and, when the con-

tractors who have bought a considerable amount of it. come to

figure out at the end of the year what they should have consumed,

they will find that they have used just about 10 per cent more

than they thought they needed, theoretically.

Again, you can, theoretically, figure out that you can get just

about so much out of a cu. yd. of material on the street, whether

it is on a concrete base or crushed rock foundation. In actual

practice, you will find that you cannot get 4.7 sq. yds. to the batch

of 1,085 lbs. of bitulithic pavement. You will find that the actual

yardage runs between 3.9 and 4.1, making a loss of 20 per cent.

You will find that that is due to the fact that some of the material

goes down in between the stones of the foundation. The bi-

tuminous top will necessarily be about 2 inches thick and the fact

that some of this leaks down in between the stones, makes a result

that there will be a possible thickness of 2^ inches. In this way,

you will lose one-half inch or more of material and though it is
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supposed to work out, theoretically, on this basis, it does not work

out that way when it comes to actual practice, and, the extra

thickness is a loss to the contractor, if he merely figures theoret-

ically, instead of figuring on the cost of actual conditions to be

met with in building the road.

So. I would like to point out that the figures he has given for

the costs of these materials seem to indicate a lack of practical

knowledge of the use of these materials, and seem to me to be en-

tirely erroneous, as it is theoretical figures that he has been work-

ing on ; but when you get through theorizing, and figuring, and

compare his figures with the actual cost, to a contractor, you can

see the reasons for the differences, and, why his theoretical figures

are entirely erroneous.

I want to say. also, that in the matter of cost, all the way
through, you will find that his figures are, correspondingly, too

low. I would like to mention in particular, where, if I understood

him, he figures the cost of 5 inches of pavement in Albany, Ore-

gon, and then, since he wanted to have only a 2 inch top, he fig-

ured that by taking two-fifths of this he would get the cost of

the laying of the pavement as he wanted it here. Now, I want

to say right here that I do not believe that that would give the

cost of laying the surface here. The cost of laying the binder 4

inches thick is less than the cost of laying a 2 inch thickness. That,

is entirely a theoretical way of figuring it out, and it does not

represent the actual cost by any means.

Besides the above, I am sure that there are many items which

were not intentionally overlooked, but which have, nevertheless,

been left out. I am sure that there have been overlooked numer-

ous items in figuring the cost of this road building, as is made
evident by looking at the final results that are reached, because a

road cannot be built for any such figures as have been given. The
difference is made up by the omission of several items.

For instance, take the matter of liability insurance. In actual

practice, you will find that you cannot carry it without having an

added cost of 2c per sq. yd. There are also some additional

charges for sundry items that have to be carried. The matter of

liability insurance on one road was $0.07 per sq. yd. Now this

item is entirely omitted. It is apt to be overlooked by everybody

except the man who has to put his hands in his pocket and pay

it. There are, also, at least twenty items which I am sure a con-
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tractor would have to pay for, which are not mentioned there at

all. They are not covered by your costs. If they were put in

there, I think that you would find that your figures would add up
to just about what I say they should be.

Now, take another matter, that of repairs to the plant. What-
ever he figured in as the cost of repairs to the plant, he certainly

did not put the amount at a sufficiently large figure. For your

information, I will state that the repairs to the plant on the road

where crushed rock is used run very often as high as $.09 per sq.

yd. for the year, due to the burning out by excessive heat. This

could not be figured from a 10 day operation, or even from a 20

day operation. You will find that needed repairs to plant will run

from $.05 to $.06 per sq. yd.

Then, there is the matter of bond premiums. Interest on the

investment must be considered also. You must remember that

you have to borrow money to carry out the work, and, while you

are waiting three, four or five months for the money, you must

pay interest on it. That is one of the differences between the the-

ory and the actual practice in this kind of work.

Then again, there is the matter of haul. The depreciation on

an automobile truck used for this kind of work is a very lr -°:e

item. Anyone who has used an automobile truck for this ind

of work (handling hot material) will agree with me in this. He
says that you can haul 10 miles on Sandy Road for $.80. This

is the cost for hauling a ton to Sandy Road, but, we find that the

figures are not in keeping with our own actual experience. I

might say that, in fact, it is a large percentage too short of the

actual cost of the haul. Knowledge of actual conditions only

come to those who have gained experience in trying to hire an au-

tomobile truck to do this kind of work. Very often you will find

that a man will theorize about what he will do, but he will fall

down very hard when he comes to do it.

I would estimate, from the experience that I have had in

hauling hot materials of the kind used in this sort of work, (bi-

tuminous materials) that in hauling it over a road and hauling

.crushed stone, the cost of hauling, from Kelly's Butte for 15

miles, will run as high as $.45 per sq. yd. The total cost of haul

so far as I was able to hear from his paper, was to be $.05 per

sq. yd., and my idea of the cost of hauling 10 miles would be $.45

per sq. yd. Now, we are putting in about 25 miles of road, and
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in order to get this material to the place where it is needed there

will be something like 15 miles average haul, but it is entirely im-

practical to attempt to haul more than 6 or 8 miles. It is not

because it can't be done with automobile trucks, but, it is a waste

of good money to try to haul more than a few miles, because the

cost runs up so high as to be prohibitive.

Now, I gather from what Mr. McMullen has said, the cost of

a 2 inch wearing surface, similar to ours, such as asphaltic con-

crete or sheet asphalt, is no greater than the cost of concrete.

Xow, in giving the figures that way, he is relying on a purely the-

oretical consideration of the situation, and, he will find from ac-

tual experience, that asphaltic pavement will cost considerably

more. That is the reason why you never see an asphalt sidewalk

;

because a concrete sidewalk can be laid considerably cheaper. It'

is very easy for you to work out on a piece of paper that asphalt

sidewalks are cheaper and that asphalt itself is cheaper, but you

cannot, from actual experience, come to the same conclusion.

You cannot say from experience that an asphalt surface, which is

only one-third the thickness of this concrete, will cost only one-

third as much. This method of figuring is erroneous, and has no

relation to the actual expense of bituminous pavements, even in

^.. it asphalt pavement, which is the cheapest, because sand is

used.

The cost of scarifying, which you mention in your paper,

is much less than we have found it to be from actual experience.

It may be that we did not have the right methods. We haven't

been able to get your costs for scarifying roads, preparatory to

laying pavement, but we have certainly had experience, and have

employed the cheapest methods we knew of.

The total cost of laying roads is at least 30 per cent more than

your estimate, also. Of course it may be that others can do it

cheaper than we can, but we try to do it as cheaply as we possibly

can..

In regard to the question of the delivery of cement : Cement

is to be had at $1.70 F. O. B. Portland, and the cost of delivery

is an item of expense which is not taken care of. I have never

found any price such as $1.70 for cement delivered on a piece of

work during the past two years.

On the basis of figuring up the cost of asphalt and bitulithic

pavement, which you have used, which was 8.5 per cent of asphal-
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tic cement,—85 lbs. per 1,000 lbs.—is 10 per cent less than is ac-

tually used. We have found that we use 95 lbs. of net material. The
difference between 95 lbs. and 85 lbs. is equivalent to 12 per cent.

The amount that is figured here, that you could get from a cubic

yard of binder, is not correct. The irregularity in the surface of

the concrete and grade makes you lose a considerable portion of

the material over the theoretical computation. In making your

figures you did not take such actual conditions into consideration

at all.

The figuring of the cost for a ten day run in Albany, from the

12th to the 22nd day of August, brought to mind the fallacy of

trying to figure from a ten day run. In the first place, the yard-

age was large. The average contractor would not lay that much
in a month and a half. He may do that much in one month and

the next month he may be idle half of the time, and, not accom-

plish nearly as much. The item of idle time was overlooked. It

is a fact that you must take into consideration that there will be

some irregularities in the times in which you can work. You can-

not lay a man off one day and then when the fair weather comes

and the rain has stopped, expect to get him back and continue on

with him. You must figure on keeping him whether the weather

is good or bad and whether you can work him or not, and you

must at times be paying out money to him even though he does

not work, in order that he may supply his family with bread and

butter. To get at this correctly you must figure your payroll for

the entire year and you must take into consideration the matter of

the full year for your superintendents. The cost of superinten-

dence of such a job, when properly handled, includes the cost of

office expense which runs about $.10 per sq. yd., and, that is con-

siderably more than would be expected from a theoretical stand-

point.

They did not speak of the office expense, or the overhead

expense at all, in the paper under discussion. The items of plant

site preparation, plant installation, fire insurance, laboratory ex-

pense and the cost of surface finish, which latter item, with as-

phaltic concrete (bitulithic) amounts to about $.05 per sq. yd.,

has been omitted, as well as legal expense. They overlooked other

items, which would bring up the cost to at least one-third more

than they have figured it to be theoretically. For a contractor to

omit any of these items would be fatal, and, it would amount to
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just the difference between being able to accomplish a good job

and break even, to getting in the hole and losing considerable

money.

I think it is due to the gentlemen to say, that it is not their

fault, and that their miscalculations have been due altogether to a

lack of experience. It is the common experience of many engi-

neers, when they are starting out, to say that they can do a piece

of work for a certain figure, and find that they cannot do any such

thing.

Mr. Dulix. The first note that I have from Mr. Warren's

statement is, that there was about 15 per cent of moisture in

rock and sand.

Mr. W. B. Warren. In rock, sand and screenings.

Mr. Dulix. I will admit that the sand will sometimes run

about 15 per cent.

Mr. W. B. Warrex*. Sand runs about 20 per cent sometimes.

Mr. Dulix. I have noticed in my experience that it will

shrink about 15 per cent. That has been taken into account in a

number of tabulated statements which I have. I refer to Taylor

& Thompson Concrete, p. 181, and Ljlletti Cost Data, p. 543.

Mr. W. B. Warrex. That is only on shrinkage per yd., and

there are other shrinkages which have not been taken into con-

sideration. The combination of shrinkage figures out about 20

per cent. »

Mr. Dulix. I think you will find that we have figured out

these costs to a considerable extent and that we understand them

very clearly. Some of the other losses he speaks about we did

not figure in at all, because they depend very much on the per-

sonality, and, on the conditions surrounding the work. On docks,

where we have standard facilities, the losses would be much less

than they would be out on a highway. On a dock you can clean

up, but on a highway you would not be able to clean up so well.

You have said that there would be losses, and I do not say that

there would be no losses
; you have said that it is entirely theoret-

ical. The point that we have tried to arrive at is : What per-

centage would these lack of being practical, and then when we
have arrived at what that percentage would be, we have planned

to add that percentage and in this way arrive at the cost of doing

the work in a practical manner, and at the actual cost. For in-

stance, the cost of asphalt was $10.50 per ton. I thought that
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in giving that figure I was being fair. I believe, Mr. Warren, that

you admitted the other day that it was $10.30.

Mr. W. B. Warren. Yes, I said $10.30 on the boat, in Port-

land.

Mr. Dulin. The price of asphalt is very much like the price

of cement. It varies considerably. I have had asphalt quoted to

me as low as $9.20 per ton.

Now, in regard to using more than 85 lbs. of asphalt, which

he mentioned : The 85 lbs. would be the actual box weights. It

shows up that way by analysis.

Mr. W. B. Warren. It goes to show, then, that the analysis

is not correct. You do not get all of the stuff in the pavement. It

does not check up to that extent.

Mr. Dulin. I am figuring the analysis from the samples taken

from the wagons immediately after they are dumped. I am sorry

if I am off, because I checked with your own chemist in this

matter.

Mr. W. B. Warren. The box weight is 95 lbs. that they are

using. The actual weight used is that much. They are checked

as they are delivered and the scales are checked twice a day to keep

them correct.

Mr. Duein. We have considerable trouble in the city with

all pavements on account of the contractors pulling their box

weights a little too heavily, and, sometimes 95 lbs. is not enough,

because they will over-sand the charge.

I believe that you misunderstand me in regard to the work

at Albany. It was not a run of ten days, but extended from Aug.

12th to Oct. 22nd. There was a lot of rainy weather during that

time. There were eighteen thousand sq. yds. laid.

Mr. W. B. Warren. I did misunderstand you, I believe.

Mr. John R. Peneand, City Engineer of Albany, Oregon. I

have been considerably interested in what has just been going on

here. I am more interested, perhaps, than most of you. This is

due, perhaps, to the fact that during the course of this discussion,

some of my own figures have been quoted. I have reference to

the figures in connection with the Albany paving. I had super-

vision of the work down there. I have been interested in noting

the items brought out in the discussion which should have been

considered in the figures, and which, according to the last speaker,

were omitted, and, which, because of that omission, have been
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stigmatized as theoretical, and not practical. I will say that I

do not remember the exact amount, but it was something like

18,000 sq. yds. The total cost of this 5 inch pavement, with a Sy2
inch binder, and an inch and a half top, according to specifica-

tions, was $.3703 for the binder and the cost of the top V/i inches

was $.28 or a fraction over that. The total cost, and this includes

everything, except the maintenance, or rental of the plant, which

is not taken into account, is $.6488. I will state, in passing, that

this pavement was laid simply as a test, more than anything else

:

it was a test to find out what it would cost. This was not a

municipal plant. The contract was let for the work, and the price

paid was Si. 15 and $1.05. The statement was made that it could

be laid for $1.00 a yd., and still leave a reasonable profit. In fact,

I was extremely anxious myself to get a trial at it at those figures.

The bids, as I recall them, were rejected, and bids were accepted

for SI. 15, and later on, some more was laid for $1.05. The actual

cost that showed up as a result of this experiment was less than I

expected. This was notwithstanding the fact that my figures,

theoretically, were between $.67 and $.68. We beat that.

It was a very good test on this account, that all of the men
and all the help engaged on the work were inexperienced, except

one man. This was true all the way down in the case of all the

men. even to the roller man. It was true in the case of all of the

men, for not a single man had had any experience. The paving

was laid by the Asphalt Machinery Company of Seattle, and was

not laid by a paving company. It was a job that was undertaken

by a company, which was in the business of selling plants, and

wanted to sell a plant in order to demonstrate to the people of

Albany what pavements could be laid for.

As to the correctness of those figures, I might say that it was

agreed to before the contract was ever let, that I should have full

access to everything in connection with the job, and especially to

the bank account and to the bank books and checks, and from all

of these sources these figures were obtained. I have also arranged

all these figures in tabulated form, so that we are certain that

every item is exactly as it was, and not theoretical. We found

the difference between the quantities of materials that were paid

for and those actually used, and we found that the amount ac-

tually used was less than the amount paid for. Of course, I have

not figured out the details, but everything is shown in such a shape
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in the way that I have compiled the data of all these articles so

that you can see exactly what they were, and the total cost was

$.6488.

Mr. W. B. Warren. I would like to ask if that included

overhead charges and the cost of liability insurance.

Mr. Peneand. We included in this the cost of the up-keep

of the plant. I do not, however, remember what all the details

were. I will say that it does not include, and I have always some-

what criticised the plan of including these things, a lot of over-

head expenses, like the cost of promotion, the cost of office help

and other things that are carried on the books, nor does it include

the cost of legal advice, etc., that are usually taken into account.

In many cases, these things are taken into account and tend to

increase the total cost.

Mr. Duein. There are one or two questions that I would like

to ask Mr. Warren. You spoke of laying wearing surface down

at the rate of 3.9 sq. yds. per batch. Is it not a fact that the

work is often done at a rate of 4.4 sq. yds. per batch ?

Mr. W. B. Warren. Yes, it runs from 4.7 to 3.9.

Mr. Duein. Another item that you spoke of is the cost of

laying the pavement, and you referred to the difference in cost

for laying a 5 inch pavement as against a 2 inch top. In laying

the base and the top separately, two spreadings, two rakings and

two rollings are necessary. Now the Albany specifications called

for two spreadings and two rakings and two rollings, and not

merely for one spreading, raking and rolling, required for a two

inch wearing surface.

Mr. McMullEn. Another thing that you spoke about was

the contractor's bonds. The contractor's liability bond is a thing

that we did not take into consideration. In a measure, our data

is based more or less on a municipal ownership plan.

Mr. W. B. Warren. If there is time, I wish that you could

go into another matter, the matter of the up-keep of the road. I

would also like to have you go into the matter of the guarantee

of the contract.

Mr. McMuelEn. The facts in regard to the auto trucks and

the facts that I gave you in regard to these other matters are all

a part of the records of Multnomah County, and are taken from

the records of operation with automobile trucks, and on contracts

of a like nature. These things are all a matter of record and
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they can be had by applying to the County Commissioners for

them. In the case of the auto trucks owned by the County and

in the case of the material, crushed rock and gravel, the County

has obtained these prices on all these things, and, in fact, they

have secured prices which are less than those which I have given.

All of these things are a matter of public record in the County

Court of this County.

Mr. W. B. Warren. Did they figure in everything that

should be included ? For instance, like the interest on investment

and depreciation?

Mr. McMullEn. They figured, for instance, in the cost of

driving the automobile trucks, the salary of the driver at $3.50 per

day. and the cost of the tires per mile at $.05 ; depreciation, $.04

per mile, and one gallon of lubricating oil per 80 miles. The re-

pairs per day were figured at $2.00, making something like $730

per year. Gasoline was figured as consumed, at the rate of 4

miles to one gallon, and grease at $.10 to $.15 per day; interest

was figured at 6 per cent on cost of equipment. The truck should

be equal to 250.000 miles with the liberal annual allowance made

for repairs and replacement of wearing parts. It was figured that

a cost of S.05 per mile would cover the cost of depreciation. This,

added to the cost of materials and labor, would make the cost

of hauling $.80 per ton for a 10 mile haul.

Mr. W. B. Warren. I would like to say that I think that you

could not haul material for $.80 per ton, ten miles with an auto

truck.

A Spokane Engineer. The City of Spokane, which has a

municipal plant, in order to give all the contractors a chance to

bid, has adopted a policy of selling to any contractor bituminous

top for pavement, and have Bituminous No. 1 and No. 2 pave-

ment for sale. No. 1 has a three inch surface, and Bituminous

Xo. 2 has a two inch surface. Here is a letter that I have re-

cently received in this city from the City Engineer's Office of

Spokane. They give here these various prices, which range from

$.40 to $.60 per sq. yd., depending upon the size of the job and

the length of the haul. The price is $.75 per sq. yd. in the case

of Xo. 1. Of course, in taking any cost data you must be very

careful in the consideration of it, and take into account all of the

various items that go in there. The very fact that the City of

Spokane is selling asphalt from its plant and is selling a wearing
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surface for No. 2 from $.40 to $.60 must be taken into very care-

ful consideration, especially because the conditions there are dif-

ferent from what they are in Portland.

Mr. McMuleEN. You say $.40 to $.60 ? I would like to ask

you how thick that is.

Spokane Engineer. Two inches thick. The variation in

price from $.40 to $.60 means that it varies in accordance with the

distance the City has to deliver it.

Mr. McMuleEn. You say that distance is the cause for the

variation and ranges of price?

Spokane Engineer. Yes, sir. Close to the plant it would

be $.42, a little further away it would be a little more, then more,

etc. The further away it got the more it would cost.

Mr. McMullEn. Then, I infer that the $.60 rate is the limit

of the haul that they have over there. If, say, No. 1 or No. 2 is

used, it is $.60, and perhaps less, but no more?

Spokane Engineer. Yes, sir; but I am not very familiar

with the details.

Mr. McMuleEn. Portland, being a seaport and a terminal

point for the different railroads, which are engaged in the hauling

of bitumen, and, securing a price of from $9.00 to $10.50 per

ton, I would like to ask if Spokane gets the same terminal rates

on bitumen, or asphaltum, as Portland does. I would like to

know if this would not cut some figure. As you know, in Spo-

kane they have been having considerable rate trouble for four or

five years.

Spokane Engineer. I noticed a price there quoted for $10.00

per ton. I noticed that over four years ago, it was $20.00 per ton.

Mr. McMtJLLEN. It still remains a fact, I believe, if Port-

land is a point of shipment, freight will have to go from Portland

to Spokane, and, in any case, freight will have to be added from

Seattle to Spokane on the bitumen.

Spokane Engineer. Yes, sir.

Mr. T. A. Garrow, Engineer, Warren Const. Company. In

regard to the Albany work, and in regard to their plant, it has

been shown that there was no depreciation allowed on their plant

by the Company, for the. Company was wishing to sell the plant

and brought it there new, and was simply trying to demonstrate

the cheapness of their methods of building roads. There was

something like $1,000 or $1,500 of freight, getting their plant to
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Albany, and there was something like $300 or $400 for dragging

the plant out there to the road, and about $205 for setting it up

and dissembling the plant. There was bound to be some depre-

ciation on the plant, which was used in that way. I do not think

that these items have been taken into consideration, because the

prices run up as high as $.15 per sq. yd. for depreciation.

I gather, from an experience covering almost five years, that

the average cost of repairs to plant and for reconstruction would

be about S.0? per sq. yd. Of course, you know, where we are

shipping these plants from place to place this would vary.

Mr. Fexlaxd. Of course, there was but one thing in the

mind of the president of this Company when he undertook this

job. and he simply wanted to bring out one fact, and that was that

he had a plant that could be more easily operated and more suc-

cessfully operated and operated at a lower cost than other plants,

and that it was a small plant which could be easily changed from

one place to another, and if the haul was more than three-quarters

of a mile, it would be money saved to move the plant instead of

hauling the material to the plant. With a small plant and a short

haul, such as this, we would never use more than three wagons.

The capacity is 800 yards of two inch top per day.

Mr. W. B. WarrEN. I have another question that I would

like to ask you. Was this experiment made to see whether the City

would buy the plant or not? If so, I think it would be likely that

there would be a tendency on the part of the contractor to bear

down on the cost of it.

Mr. Pexlaxd. I will say in reply to that, that where there

are two parties, one of whom wants to sell a plant, and another of

whom wants to buy a plant, the man who is going to buy the

plant will want to convince himself that the plant is more cheaply

operated than any other plant, and that would have been the case

with the construction company endeavoring to sell the plant to the

people of Albany, but here there was a case where there were

not two cities, or two parties. They were endeavoring to ascertain

the cost, and to prove that it was such a cost as would warrant

the people of the City of Albany in buying the plant.

Mr. Garrow. I would like to ask you yet another question.

Was the paper that was issued for this work of par value, or did

they discount the City Bonds ?
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Mr. Penland. They had to discount the City Bonds. I am
not sure how much, but I think it was two or three per cent.

Mr. Garrow. Then it would amount to two or three cents

per yard from the contractor's standpoint.

Mr. Penland. Yes, sir ; the discount would be a loss to him

of from two to three cents per yard.

The President. Gentlemen, the hour is getting late. I think

these results would be very good material for our Journal, and I

think that they would be interesting to the City of Portland, and

to the City of Albany, or elsewhere.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-

sequent number of the Journal.]
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General Conditions.

The tracks of the Missouri Pacific Railway and the St.

Louis & San Francisco (Frisco) Railway lie closely adjacent

from the St. Louis Union Station westward nearly to the city

limits. For a distance of about two miles, these tracks, with
those of several other railways, are located in the Mill Creek
Valley, which forms the natural railway entrance to the city

from the west, and which is crossed by numerous overhead
street bridges and viaducts, the most westerly being at Grand
avenue.

Between Grand avenue and Kingshighway boulevard, V/2
miles farther west, the only main thoroughfares for north and
>outh traffic are Tower Grove avenue and Vandeventer ave-

nue (formerly called Old Manchester Road), which intersect

at an angle of 52 degrees at the point of crossing of the rail-

ways.

Bridge Engineer, Missouri Pacific Railway Co.
95
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The general location of the railways and streets is shown
on the sketch map, Fig". 1. At Tower Grove avenue diverges

the Oak Hill Branch of the Missouri Pacific, a double track

belt line connecting with the main line of the St. Louis, Iron

Mountain & Southern Railway in South St. Louis and used

by all St. Louis passenger trains over the Iron Mountain, as

well as by a considerable industrial switching service. This

line crosses the Frisco at grade. Connecting with the Oak
Hill Branch, the Missouri Pacific also has a track crossing the

streets south of the Frisco tracks and leading into the plant

of the Liggett & Myers Tobacco Company, being itself crossed

at grade by two Frisco connections to the plant of the Ameri-

can Car Company.
The conditions under which these crossings originated and

existed for many years are typical of the development of many
grade separation problems arising from railway development

and city expansion—first, the early railway construction

through an outlying open district ; second, the construction of

additional tracks and the opening of new streets at grade in

a generally level section ; third, the increase of street and rail-

way traffic resulting in a busy crossing.

The first track of the Missouri Pacific (then the Pacific

Railroad) was built through this section, then outside the

city limits, in 1852. Vandeventer avenue existed only as a

country road of light travel and Tower Grove avenue was not

laid out until many years later. With the development of

this section by industries, stores and residences, together with

the rapid growth of a large residence territory to the south



ELIMINATION OF THE TOWER GROVE CROSSINGS. 97

served by Tower Grove and Yandeventer avenues as through

thoroughfares, the street traffic over the crossings became con-

tinually heavier, amounting in 1909 to approximately 400

street cars. 2,400 vehicles and 6,000 pedestrians per 24 hours.

Protection by gates and watchmen was afforded for some
years prior to elimination.

Both railways maintain passenger stations at Tower
Grove, at which practically all passenger trains stop ; this, al-

though contributing largely to freedom from serious accidents,

increased the inconvenience and delay to street traffic by the

necessity of occupying" the crossings during stops. The total

train movements over the crossings average 250 per 24 hours,

of which 100 are passenger trains. The main lines of both

railways rise to a natural summit at Tower Grove, while the

intersecting streets are practically level, indicating a separa-

tion of the crossing, either by street depression as less costly

or by track depression as removing" the summit in the railway

profile. Actually the track depression is limited by consid-

erations of reasonably economical adjustment and practicable

operation of important industry connections, as well as by a

long ascending grade of the Oak Hill Branch, a short distance

to the south.

Previous Plans for Elimination.

The question of eliminating these crossings was first taken

up by the city in 1905 on a basis of track depression. After

further study, however, by the Board of Public Improvements
of the City of St. Louis and the engineering departments of

the railways, an agreement was arrived at early in 1907 on

the basis of street depression. This plan, shown on Fig. 2,

provided for closing Yandeventer avenue across the tracks,

connection with Tower Grove avenue being afforded by Hunt
avenue on the north and an extension of Blaine avenue on the

south. Ordinances embodying this agreement were before

the Municipal Assembly without final action until the summer
of 1908, when they were definitely rejected, considerable pop-

ular opposition having developed to what was called the "tun-

nel plan."

The Board of Public Improvements, which under the city

charter had sole power to originate such measures, was then

called upon by the Assembly to send in new ordinances re-

quiring depression of tracks under the existing street levels,

but having the benefit of its study of the problem, refrained
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from so doing". Such ordinances, however, were otherwise

originated and finally approved in April, 1909, requiring an

approximate expenditure of $3,000,000 as compared with about

$500,000 for street depression. They were considered by the

railways as unduly oppressive and by the industries as de-

structive of their railway connections and it became necessary

to determine the rights of the parties in court.

The ordinances were upheld by the St. Louis Circuit Court

and appealed to the Supreme Court of Missouri, which in a

unanimous opinion handed down in December, 1912, held in

brief that while the city had power to require elimination of

the crossings and to prescribe the general method, as by track

or street depression, the ordinances in question were void, both

as being unreasonably burdensome in their requirements

and as not having originated with the Board of Public Im-

provements as prescribed by the City Charter.

Meantime, the present management of the Missouri Pacific
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had assumed charge of the property and after becoming fa-

miliar with the Tower Grove situation, directed its engineer-

ing department to re-examine the matter with a view to an-

other attempt to work out a plan acceptable to all interests.

Accordingly, general plans and estimates were prepared for

six different methods of elimination, of which one contem-

plated partial depression of tracks and elevation of streets,,

being the general method finally adopted.

Immediately following the Supreme Court decision of De-

cember, 1912, the Board of Public Improvements called a con-

ference with the railways and having its own alternate plans

and estimates well under way, announced a preference for

partial track depression and street elevation as a basis of elim-

ination. With the active interest and co-operation of all par-

ties, the details were rapidly worked out for a new ordinance,,

which was passed and approved in March, 1913, and formally

accepted by the railways.

Preliminary to preparation of detail plans, a survey party

was put in the field and complete maps, profiles and other rec-

ords were made. Plans of the elimination, prepared by the

railways, were thereafter presented to and approved by the

Board of Public Improvements and actual work was started

on November 1, 1013, ground being broken by His Honor,,

Henrv YV. Kiel. Mavor of St. Louis.

=3fe _^_ 1
i

^ :

T"i°\ 3. View of crossing from the south before starting elimination
work. Nov. 1, 1913.
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Adopted Plans.

Fig. 3 shows a photograph of the site (from the south)

before starting work. Fig. 4 shows a general plan of the elim-

ination. The streets are elevated 13 feet over the old track

elevation on reinforced concrete bridges, and the tracks

depressed 13 feet so to afford a 22-foot clearance above top of

rail. The filled street approaches are on d]/2 per cent grades

with retaining walls along the street lines, except where
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abutting property is raised to conformity with the new street

grade. On Fig. 4-A are indicated the areas of streets, alleys

and private property which have been elevated by earth filling.

7bt*9/~(?ro*« Crossings

Snw'y andR-ape>~ty•^b'Sed

Realizing that the service level of many lots and buildings,

particularly on the north side of the tracks, would in the future

undoubtedly be at the new street grade, and that the con-

struction of retaining walls in such cases was an economic

waste, the railways endeavored to induce property owners

to raise their buildings and lots, offering to provide the neces-

sary filling and pointing out that the expense of restoring the

property to the street grade would constitute a definite and

easily adjusted claim for damages. Several owners proceeded

along these lines, but the majority preferred to await a defi-

nite adjustment with the city, which, under the ordinance, as-

sumed the damages. The city officials were successful in mak-

ing such an adjustment in a number of cases, and under waiver

of damages, raised the buildings and built retaining walls at

the rear of the lots, the railways providing the filling. Al-

though these negotiations were lengthy and somewhat de-

layed the progress of the work, the result is thought to be

well worth the time and patience expended.

Fig. 5 shows the former and present railway main line

profiles with the summit lowered by the depression. The most
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unsatisfactory features as to gradient are found on the tracks-
leading into the plants of the Liggett & Myers Tobacco Com-
pany and the American Car Company, shown on Fig. 4, upon
which, although depressed as far as practicable into the plants,
grades of from %y2 to 3 per cent are required, materially ad-
ding to the expense of operating and maintaining the con-
nections.

/otver Orore ' Crossings

Pat/wets fhofi/es

Fig. 6 is a diagram of the street bridges, which, with their

limiting abutments and retaining walls, form an X-shaped

r,9e

O-a^ram afjfree?Bridges

structure with a section of solid Jill at the central portion be-
tween the railways. The construction, except the abutments
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of two bridges, is of reinforced concrete throughout, consisting

of a beam and slab deck resting on abutments and interme-

diate bents, and forming four and five spans as shown, planned

to fit both present and probable future track requirements.

The bents have rectangular columns and footings spaced

about 12 feet, center to center. The columns are 18x24 inches

and 20x24 inches ; they are joined at the tops by cross girders

supporting the deck beams and at the feet by continuous dia-

phragms extending to 4 feet above top of rail, serving prima-

rily as a guard against damage to the bridge from derailed

equipments. The footings of bents and abutments are de-

signed for a maximum pressure of 2y2 tons per square foot

on the firm yellow clay found at this point, which figure was
adopted after a series of loading tests had been carried out.

Fig. 7 shows a typical elevation and section of the bridges

carrying Tower. Grove avenue, which makes practically a

&K - ;*
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square crossing of the tracks. At the bridges carrying Van-
deventer avenue, however, the angle of intersection between
street and railway is only about 27 degrees at the Missouri

Pacific tracks and 42y2 degrees at the Frisco tracks; the deck
beams are therefore built normal to the bents and with the

deck slab are supported at the street lines by facia girders

from 26 to 72 feet long, those over 35 feet being steel plate

girders encased in concrete. Fig. 8 shows a typical diagram
and sections of the Yandeventer bridges.
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The abutments of the Frisco bridges are of gravity sec-

tion, while for the abutments and connecting retaining walls

of the Missouri Pacific bridges, a reinforced counterfort type

is used on the north side and a bent and slab design on the

south side, as indicated in Fig. 7. The Tower Grove storm

sewer, built in 1902, passes under this abutment as shown and
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after a study of several designs for a satisfactory and not un-

duly expensive foundation at this point, that indicated, in

which the footing pressure is limited to \y2 tons per square

feet, was chosen with excellent results.

At Race Course avenue requirements of street width at

the elevated level and track room at the depressed grade ne-

cessitated the use of cantilever brackets for supporting the

sidewalk and concrete rail along the retaining wall between

the Tower Grove and Yandeventer bridge abutments. The

construction is indicated on Fig. 7 showing the upper por-

View looking- east at crossing of Oak Hill Branch and Frisco Railway,
showing excavation and temporary bridges.

tion of the Race Course wall. In order to avoid possible

cracking of the sidewTalk due to slight settlement of the street

fill, the portion of the sidewalk slab inside the wall was also

designed as a cantilever. As the face of the retaining wall and
the street line are not parallel, the overhang of the sidewalk

^lab is variable throughout; a feature typifying a considerable

absence of uniformity of construction imposed by local con-

ditions throughout the entire work.

With the exception of Park avenue, which is paved, with

granite blocks, the elimination ordinance required all streets
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affected by the work to have creosoted wood block paving

on a concrete base, full width concrete sidewalks, steel curbs

on the viaducts and granite curbs on the approaches.

A 20-inch water main was supported under the west side-

walk of the Tower Grove Avenue bridges by %-inch round

U-hangers 6 feet apart, as shown on Fig. 7. The ends of the

hangers embedded in the sidewalk slab are of bronze to insure

permanence, and sleeve nuts under the slab permit installation

View of tower-plant.

as well as adjustment and replacement of the main. Remov-
able sections of the sidewalk slab provide access to the joints

of the main for caulking and repairs by breaking through the

2^-inch sidewalk finish.

Material changes were required in the brick station build-

ings of each railway. The Missouri Pacific station as indicated

in Fig. 4 was formerly located parallel to the tracks and some-

what set back from the street ; in order to more fully utilize

the station lot owned and to provide room for future addi-

tional tracks, it was decided to relocate the building at the

new street grade, parallel to and 2 feet from the building line.
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New foundations were built in trenches down to the depressed

track level and partly under the building, which was kept

in service until the new foundation walls were brought up to

the former street level. Station service was then temporarily

transferred to two large box car bodies fitted up for the pur-

pose, while the building was raised and moved to the new level

and location and the foundations completed. In order to pro-

vide room for a contemplated future track along the north

.side of the right of way, it was necessary that the outside plat-

View looking- north from street intersection; street traffic on surface
level and viaducts partly completed. Oct. 5, 1914.

form on the south side should be supported on cantilever

brackets outside the foundation walls.

The Frisco station has been maintained without change

in level or position ; it was underpinned with new foundation

walls to the depressed track level and stairway connections

to street and tracks were constructed.

Division of Cost.

The elimination ordinance provided that the construction

•cost, including the relocation of municipal sewers and water

mains, should be assumed by the railways and the damages to
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abutting property by the city. The expense of rearranging"

utilities, other than those municipally owned, such as street

car tracks, gas mains, conduits, wires, etc., was assumed by
the proprietary interests. No attempt was made to prescribe

by ordinance the division of cost between the railways of the

work to be performed by them, as it was considered that such

division could in this case best be arrived at between the rail-

ways themselves. Each, of course, assumed the rearrange-

ment of its own facilities, and prior to starting work, an agree-

ment was reached that each should build the viaducts over

Depression for Missouri Pacific tracks east of Tower Grove ave.,
showing- temporary street bridge at Vandeventer ave.

its own tracks and the approaches thereto ; this agreement also

provided for a specified division of the work of raising Park

avenue and those portions of Tower Grove and Vandeventer

avenues between the tracks. There resulted a distinct division

of the work on the basis of location except as to the construc-

tion by the Missouri Pacific of two spans over its Liggett &
Myers spur south of the Frisco tracks and of the retaining

walls and building underpinning required by its depression.

With the exception of these latter items and of the raising and

moving of its station building, the Missouri Pacific handled

all work with its own forces. The Frisco performed its track

depression and rearrangement with its own forces and the

remainder of its work by contract.
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Conduct of the Work.

Owing to the considerable volume of street traffic and the

absence of other crossings in the vicinity, it was necessary to

provide for maintenance of street traffic throughout the con-

struction. Consideration was given to the construction of a

temporary highway viaduct at one side of the streets but it

was felt that the considerable extra expense involved would

not result in material advantage and that traffic could be rea-

sonably handled by one street on each side of the tracks. The
city, therefore, permitted closing the two west legs of the X,

that is. Tower Grove avenue north and Yandevehter avenue

south of the intersection, the plan being to complete'elevation

of these sections and turn street traffic over them, permitting

in turn the closing and elevation of the other two legs of the

X. This plan, with minor changes, was followed.

Fig. 9 illustrates the successive steps in making the Mis-

souri Pacific track depression. The two main tracks were first

thrown over to the south side of the right of way and a steam

£ firs* Pme/'CifConTinc^o' /fa, Lbnaerenter^.

Temporary &r<fye rirjetS
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fa3
7o*ier Orore Crossings

Steps in Track Depressicr

Mo fbcffc,

shovel cut as wide as practicable along the north side was
started from the west end of the depression ; the shovel being

carried on blocking through the deeper portion of the cut to

permit loading on cars on a surface track. In the vicinity of

the streets the cut was widened to include excavation for the

bridge abutments and retaining walls along the north side of
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the tracks in order that the concrete work might be started.

When the shovel reached Tower Grove avenue, its progress

was stopped by a 24-inch gas main and as considerable delay

in removing the main appeared probable, the shovel was re-

moved and cut in again at the surface over the main, the ex-

cavation behind it being completed by other means. When
the cut had been carried up to the street car tracks in Vande-
venter avenue, a wooden bridge was built behind the shovel

to carry the street traffic over the excavation by a slight de-

Exca.vation for Frisco tracks; Vandeventer ave. viaduct partially com-
plete: temporary Tower Grove ave. bridge in background. Oct. 5, 1914.

tour. The cut was then continued through the street and to

the east end of the depression. East of the streets sufficient

width could not be left between' the operated surface tracks

and the edge of the excavation for the proper accommodation

of passengers and handling of baggage, and a temporary plat-

form 500 feet long was built along the tracks for this purpose,

connection with the station being provided by a temporary

foot bridge over the excavation.

A permanent track was then laid in the excavation to which

westbound Missouri Pacific traffic was transferred, the tern-
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porary street bridge at Yandeventer avenue being raised about

4 feet to provide overhead clearance. This permitted the re-

moval of one of the two surface tracks, widening the excava-

tion, and construction of the second permanent track at the

depressed level. The depression of the Oak Hill Branch was
performed in a similar manner, except that for a distance of

1,000 feet from the Frisco crossing south to McRee avenue

only one track has been depressed pending a possible reloca-

tion at this point.

The greater portion of the material for raising streets and

private property was dumped from the dirt trains brought on

a temporary track from the west end of the depression into

Tower Grove, Race Course and Yandeventer avenues. A con-

siderable amount was also deposited directly on the ground

by the steam shovel when working near the streets and spread

by teams. The balance of the excavation not required for

filling was disposed of at near-by points on the line.

The Frisco excavation was also made by steam shovel

under somewhat less difficult operating conditions as it was
here possible to divert traffic on two temporary tracks largely

clear of the excavated area. A portion of the cutting beneath

and between the street bridges was handled very successfully

by a Thew shovel, loading on cars or into teams as conditions

dictated.

Fig. 9 also shows the stage of viaduct construction on De-
cember 1, 1014, when street traffic was transferred from the

natural surface over the two east legs of the X to the high level
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•over the two west legs, the gaps in the permanent work being

closed by temporary wooden bridges. Prior to this change,

.as shown on Fig. 10, temporary bridges were in service for

Yandeventer Ave. traffic over the Missouri Pacific cut

Tower Grove " " " " Frisco

Missouri Pacific " " " Oak Hill

Frisco " " " Oak Hill

Oak Hill " " " Frisco

It had been intended to change all railway traffic to the

depressed level and the highway traffic to the elevated level

General view of viaducts from the west.

on the same day, but unforeseen delays and complications

made it impossible to abandon all the surface tracks at this

time. A temporary bridge ("F" on Fig. 10) was therefore

built to carry street traffic over the incomplete portion of

Tower Grove avenue north and Vandeventer avenue south of

the street intersection. To provide for clearance over the

surface track used by Oak Hill trains and the Frisco detour

tracks, this bridge was raised about 4 feet above the perma-

nent street grade with runoffs on the completed concrete via-

ducts. After this change in street traffic, a comparatively free

opportunity was afforded for the remaining steps of the work.

All railway traffic was removed from the surface in February,

1915, and on July 31 all streets were opened for travel.
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For handling concrete the Missouri Pacific installed a tower

plant with chutes at the corner of Park and Vandeventer ave-

nues, served by a temporary spur track. The location is.

shown on Fig. 4. Sand and gravel were unloaded by a der-

rick and clam shell bucket into a divided bin and drawn by

gravity into a divided truck which was moved to the mixer and

fig/?

Tower (jrose Crossings

D/OfframShomrtg Rpes,Wires £te

dumped into the hopper by a cable attached to the hoisting
engine.

On the Frisco work a small portable tower traveling with
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the mixer was used and the material was handled to it in

wagons from the team tracks at Park avenue.

Ample provision for draining the depressed tracks was nec-

essary, particularly in the case of the Missouri Pacific and Oak
Hill, which rise in each direction from the depression. This

is afforded by the Tower Grove storm sewer, which lies about

10 feet below the depression, and by a 21-inch sewer in Vande-

venter avenue, lowered to pass under the tracks and discharg-

ing into the storm sewer. Fig. 11 is a diagram of the longi-

tudinal and cross drains built in the depression which success-

fully disposed of extraordinary rainfalls in the past few

months.

Fig. 12 is, a diagram showing the underground pipes and

the groups of overhead wires exclusive of the street railway's

overhead work, all of which had to be rearranged during the

work. The city at one time contemplated prohibition of all

overhead wires over the viaducts and approaches except trol-

ley wires, but this was concluded to be a severe burden on the

wire using companies at this time and use was therefore per-

mitted, under. suitable terms, of concrete poles erected by the

city.

Volume of Work.

The following are the more important items involved in

the construction work

:

220,000 cu. yds. excavation

60,000 cu. yds. filling

9,500 cu. yds. plain concrete

7,900 cu. yds. reinforced concrete

540 tons reinforcing steel

78 tons structural steel

23,300 sq. yds. paving

7,200 lin. ft. curbing

68,500 sq. ft. sidewalk

1,840 lin. ft. concrete hand rail

3,400 lin. ft. gas pipe hand rail

25 permanent buildings raised or underpinned

10^ miles track lowered or relocated

The total cost to the railways, the city and the public util-

ity companies is $830,000. '

Owing to the conditions imposed upon both design and

construction, the work required attention out of proportion to
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its magnitude. More than 200 drawings covering the perma-

nent work as constructed were prepared by the Missouri Pa-

cific alone, including, however, the detail plans of all the rein-

forced concrete bridges.

Engineers.

The engineers in charge of the planning and execution of

the work were, for the city : E. R. Kinsey, President, Board

View of crossing from the south after completion of viaducts.

of Public Service (formerly Board of Public Improvements);

C. M. Talbert, Director of Streets and Sewers, and L. R. Bowen,

Bridge Engineer. For the St. Louis & San Francisco R. R.

:

F. G. Jonah, Chief Engineer, and Perry Topping, Assistant

Engineer, who also acted as resident engineer. For the Mis-

souri Pacific Railway: C. E. Smith, formerly Assistant Chief

Engineer, during the later stage of construction; E. A. Had-

ley, Chief Engineer, and the writer, ably assisted by W. D.

Hudson, L. H. Davis and S. M. Bates, Assistant Engineers,

the latter being resident engineer in charge.

Acknowledgement is also made of the cordial co-operation

of the local operating officials of both railways whose assist-

ance was of great importance in carrying out the work with-

out interruption of traffic.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]



THE ADJUSTMENT OF THE CONSEQUENTIAL DAMAGES
AT THE TOWER GROVE CROSSINGS.

By L. R. Boweist*

Member of The Engineers' Club of St. Louis.

[Read before the Club, September 29, 1915.]

In the ordinance providing for the elimination of the grade

crossings at Tower Grove the City of St. Louis bound itself, in

consideration of the acceptance of the ordinance by the Mis-

souri Pacific and the St. Louis and San Francisco Railway

Companies, to adjust and pay all damages caused by the

changes in the grades of the streets and alleys, as provided in

the ordinance, that might accrue to property fronting or abut-

ting on streets and alleys where the grade should be changed

excepting property owned by, leased to or in possession of

said railway companies.

The railway companies were required to assume all dam-
ages to property owned, leased or possessed by them. Neither

the railway companies nor the city is liable for damages caused

to industries by reason of the change in grade of the railroad

tracks.

Prior to 1875 the city was not liable for damages caused

by changes in the street grades, but in that year the word
"damaged" was added to Article II, Section 21, of the Missouri

State Constitution, so that it now reads : "That private prop-

erty shall not be taken or damaged for public use without just

compensation."

It has been established by court decisions that the measure

of damages to property, the value of which has been depreciated

by a change in the grade of a street in front of it, is either the

difference in the fair market value of the property before and

just after the change in grade was made, or it is the amount

that would have to be expended to adjust the property to the

new grade of the street so that it would have the same rela-

tive position with reference to the new grade that it had with

reference to the old grade. The city is entitled to have the

damages determined by the method that it can prove will show
the least damagfe.

*Bridge Engineer, City of St. Louis.
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For those who may not be familiar with the methods prac-

ticed under the old charter for determining the amount of dam-

ages caused by a change in the grade of streets or on account

of other public work they will be briefly recited here.

Before any damages could be determined or paid by the

city a suit had to be brought and judgment rendered by court.

Evidence in damage cases are heard either by court direct,

by a jury or by commissioners. Court does not usually hear

a case directly and does so only upon request by the parties

to the suit. Important cases where the amounts involved are

very large or where the issues are quite complex the parties

will request commissioners, usually three, which are appointed

by the court, one of which commissioners is nominated by the

plaintiff and one by the defendant. When either party to a

suit insists upon it the evidence is heard by a jury, which fixes

the amount of the award.

The usual procedure is this: Each of the parties to the

suit engages a number of real estate experts, anywhere from

two to six, as the importance of the case may justify. These

men inspect the property for their employers and give expert

testimony before the jury or commission as to the amount of

damages the property has sustained. They charge from $25

to $100 each for their services, depending upon the importance

of the case and other considerations. Ofter their opinions vary

considerably. In the case of the American Car Company
against the City of St. Eouis the opinions of the real estate

experts as to the depreciation in thq market value of the real

estate of that company, on account of the change in the grade

of Yandeventer avenue, varied, from $14,785 to $276,000. If

a jury is deciding the case they are not given an opportunity

to view the property and must decide the amount of damages
from the evidence heard and remembered.

AYhen work started at Tower Grove it was appreciated

that the damages would be heavy, as the streets had been long

established and the property was closely built up, especially

along and north of Race Course avenue.

Methods of adjusting the damages with a minimum of cost

to the city and with the least burden and inconvenience -to

the property owners were discussed. It was recommended by

the Board of Public Service and the City Counsellor that the
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city raise and adjust the properties to the new street grades

wherever it could make fair terms with the owners. While
this method seemed very practical and desirable, no legal way
of doing it seemed apparent and besides city officials were

quite reluctant to undertake so unusual a procedure in view

of the very harsh criticism that would result should any mis-

takes in judgment be made.

After a conference between the Mayor, Comptroller, Board

of Public Improvements and the City Counsellor, however,

the City Counsellor ruled that the necessity for this work to

be done by the city was very urgent and that an emergency

therefore existed within the meaning of the Charter and the

City Bridge Department was authorized to proceed with the

work if fair terms could be made with the property owners.

The Comptroller stipulated, however, that only those pieces

of property situated on the north side of Race Course avenue

between Vandeventer avenue and Tower Grove avenue and

on the west side of Vandeventer avenue between Race Course

avenue and Hunt avenue should be raised and adjusted by the

city. The method of procedure was this : Plans and specifi-

cations were made for raising each parcel of land and the im-

provements thereon and when the work to be done had been

agreed upon by those having an interest in the property a

waiver of damages was drawn up with the provision that it

would become effective upon the completion of the work
agreed upon, which was very carefully set out, and the pay-

ment to the owner or lessee of the normal rent upon the prop-

erty for the period during which it would be untenable. When
these agreements were properly signed by all parties having

an interest in the property and by the City Counsellor and

the Comptroller., the actual work was begun.

The work was started with the regular funds of the Bridge

Department, but when it became necessary to secure a definite

appropriation for carrying on the work very serious opposi-

tion was raised by certain house raisers and others having

personal interests affected by the work. However, the neces-

sary appropriation was secured.

Much of the work of preparing the plans and all of the

actual work of raising the buildings was done under the direc-

tion of Mr. W. R. Crecelius, of the City Bridge Department.
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The city raised eight separate parcels of land with the im-

provements thereon, consisting of nine brick houses and three

frame houses and a number of sheds and stables. Those along

Race Course avenue were raised distances varying from 8 to

12 l

2 feet. Those along Vandeventer avenue from 2^4 to liy2

feet.

The Missouri Pacific Railway Company furnished and

placed all dirt required for filling the lots, amounting to about

16,000 cubic yards.

The cost of raising the buildings at Tower Grove was
$28. 992.Hi ; $5,054.18 in rents and refund of licenses was paid

on the buildings for the periods when they were untenable.

The house raising equipment cost $1,902.07, most of which

is in good condition and available for other work of the Bridge

Department.

Of other damages at Tower Grove seven cases have been

settled in court and the awards paid, one case has been ap-

pealed by the city and there are three cases still pending.

Of the seven cases settled in court the amounts of the

awards of four of them were agreed upon by the city and the

property owners on the basis of estimates prepared by the

Bridge Department of the cost of adjusting the properties to

the new grades and the loss of rent during the period of re-

construction. There have been four contested suits at Tower
Grove.
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Following is a list of the damages paid at Tower Grove and

the method of settlement

:

Damages at Tower Grove Crossing.

Property Adjusted by the City

Name of Owner
Michael Noe

—

Cost of Construction $ 1,238.88

Lizzie C. Lorch

—

Cost of Construction $ 3,864.27

Rent 673.75 $ 4,538.02

Jas. McElevey

—

Cost of Construction $ 3,199.65

Rent 492.50 $ 3,692.15

Joseph Bachle—
Cost of Construction $ 3,874.83

Rent 578.33 $ 4,453.16

Henry Muselman

—

Cost of Construction $ 4,202.18

Rent 1,330.60 $ 5,532.78

Mable D. McCully—
Cost of Construction $ 7,232.17

Rent - 1,300.00 $ 8,532.17

James Carroll

—

Cost of Construction $ 2,773.72

Rent 132.00 $ 2,905.72

George J. Kaime

—

Cost of Construction $ 2,606.76

Rent 547.00 $ 3,153.76

TOTAL $34,046.64

Awarded by Court Upon Agreed Estimates

Wm. Fahrenhorst

—

Amount of Award $ 3,222.00

Court Costs 12.20 $ 3,234.20

Geo. Bogie

—

Amount of Award $ 4,560.00

Commissioners and Experts.... 100.00
Court Costs 12.10 $ 4,672.10

Gustave Hanssen

—

Amount of Award $ 2.044.00

Commissioners and Experts.... 100.00
Court Costs 24.15 $ 2,168.15

Mary A. Gutke

—

Amount of Award $ 3,957.28
Court Costs 11.40 $3,968.68

TOTAL $14,043.13
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Awarded by Court Upon Findings of Commissioners

Ethelyn M. Humphreys

—

Award by Commissioners $ 1,700.00

Commissioners and Experts.... 85.00

Court Costs 48.15 $ 1,833.15

Landau Cabinet Co.

—

Award by Commissioners $30,000.00

Commissioners and Experts.... 1,099.15

Court Costs 74.55 $31,173.70

Wni. G. Wrisberg

—

Award by Commissioners $ 8,796.47

Commissioners and Experts.... 355.00

Court Costs 20.45 $ 9,171.92

TOTAL $42,178.77

American Car Co.

—

Award bv Commissioners
Appealed by City of St. Louis $65,000.00

Commissioners and Experts.... 910.00 $65,910.00

Suits Pending
Damages Asked

Chas. and Lizzie Lorch $12,000.00

Joseph F. Brown 2,000.00

Roy Fairchild 2,500.00

TOTAL $16,500.00

If we assume that the city will be compelled to pay the

award of the commissioners in the case of the American Car

Company and one-half of the amount sued for the three cases

still pending it will have paid in damages at the Tower Grove

Crossing the total sum of $164,428.54.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters. 3817 Olive Street, St. Louisi for publication in a sub-
sequent number of the Journal.]



SPHERICAL BEARINGS VERSUS FLAT PLATES IN

CRUSHING TESTS ON BRICKS.*

By E. L. Baker and Alex. F. Suss.

It is the opinion of the investigators that there is an error

introduced in the omission of a spherical bearing in compression

tests of bricks. Although the error introduced by the omission

of a spherical bearing may not be great enough to be of any prac-

tical significance, it is true that the theoretical crushing strength

can only be obtained by the use of some device which will take

care of non-parallelism of the compressive surfaces, thereby pre-

venting the development of internal stresses in the specimen and

the spalling-off of the specimen on one side.

It is the aim of the investigators to prove by these tests that

the crushing strength of bricks is greater as obtained by the use

of some type of spherical bearing than by the use of flat plates.

In the first one hundred and seventy-three tests we have de-

termined this difference by using flat plates and the one-piece

spherical bearing. In order to have relative values we first made
the ordinary cross-breaking tests, thus obtaining two halves of

the same brick to be used in crushing.

One-half of the brick was crushed with the one-piece spherical

bearing and the other half with the plate bearing. It is obvious

from an inspection of paving bricks that no two bricks are alike.

They are not homogeneous, they are not burned to the same de-

gree of hardness, and their surfaces have different degrees of non-

parallelism. Therefore, by using the two halves of the same

specimen as described, we have obtained comparative values

showing the difference between results as obtained by the use of

the one-piece spherical bearing and flat plates.

The reader may be impressed by the wide variation in the

result of these tests. The only explanation we can give for such

variations is that already given, differences of homogeneity and

burning. Arch bricks will necessarily be overburned, while those

of the interior of the kiln may be underburned. In ordering the

bricks for these tests we called for 2^4 in. by 4 in. by 8 in. vitrified

*A thesis for the degree of B.S. in C.E. at Washington University,
published in accordance with Sec. 9 of the Agreement of The Engineers'
Club of St. Louis with Student Technical Societies in Missouri.
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paving bricks to be taken at random from any part of the kiln,

thereby obtaining a sample of brick which would ordinarily be

sent out on a job.

The machine used was a Riehle Brothers, two-hundred-

thousand-pound, two-screw machine. The poise was run by

hand. The cross-breaking test was made according to the method

given in Johnson's "Materials of Construction." The brick was

set edgewise on two rounded, knife-edge bearings placed six

inches center to center and loaded in the middle. The modulus

of rupture was found by applying the formula
r __ 3 W 1

a b h^

where

f = modulus of rupture in pounds per square inch.

AY = ultimate load in pounds.

1 = distance between knife edges in inches.

b = width of brick in inches.

h = height of brick in inches.

In order to have an approximately uniform cross-section for

the crushing tests, it was necessary to surface the bricks after

cross-breaking them. This was accomplished by chipping the

surfaces with a cold-chisel and hammer. During the surfacing

the specimen was kept on a wooden block and the hammer-blows

were made as light as possible to be effective in order that the

brick would suffer no injury.

The bricks were then calibrated. Six measurements were

made on each dimension of the bricks in order to obtain a true

average dimension. The halves were then tested with the one-

piece spherical bearing and flat plates. Two smoothly surfaced

plates, 10 in. by 10 in. by J/2 in., were used, one placed on the

base of the machine, upon which the specimen was centered, the

other resting upon the specimen. The one-piece spherical bearing

is of cast steel, one surface of which is flat and the other spher-

ical, having a radius of approximately 10 inches. The spherical

surface rested on a flat plate on the base of the machine, the

brick was centered on the flat surface of the bearing, and another

flat plate was placed between the specimen and the head of the

machine. The machine was run at low speed during the tests

in order to secure a slow and uniform increase in load. The ma-

jority of the specimens failed all at once with a loud report, only

a few spalling off and crushing without an increase in load. The
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•crushing strength per square inch was computed by dividing the

total load by the cross-sectional area of the brick.

A table has been prepared showing the results of these tests

which will be furnished by the authors to any investigators who

wish to use them in any further studies along these lines. In

Fig\ 1-A. Ball-and-Socket Bearing

these tables are shown the modulus of rupture, crushing strength

between plates, crushing strength with one-piece spherical, and

the ratio of the crushing strength as obtained with the spherical

bearing to that obtained with the flat plates.
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One hundred and forty-seven tests were made with the one-

piece spherical bearing and a ball-and-socket bearing made by

Riehle Brothers of Philadelphia, and shown in Figs. 1-a and 1-b.

P is a cast-iron cup which rests upon the base of the machine

;

D is a flat steel plate 10 inches in diameter, the underside of

Pig1

. 1-B. Ball-and-Sockfet Bearim

which. E. is semi-spherical and rests in the cup F. Before plac-

ing this bearing in the machine, the surfaces of E and F, which

are in contact, were thoroughly lubricated with hard-oil in order

that they would slide upon each other as freely as possible, there-

by eliminating- the friction between these surfaces. Parts A, B,
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G and H form the unit which is. held in the head of the machine
by the bolt, I, and thumbscrew. B and A are one solid casting,

B being milled perfectly spherical to ht into a semi-spherical

socket, J. The casting, H, is in two parts as shown and is held

in position by four screws, K. The ball, B, and socket, J, were
kept well lubricated with hard-oil. The advantage of this bear-

ing is that there can be no flexure in the specimen regardless of

how non-parallel the compressive surfaces may be.

The specimens used in these tests were cross-broken and cali-

brated in the same way as the specimens in the previous tests.

m^^M^li

v_
\\X\\\\>>'

xXXXV^-

One-piece Spherical Bearinj

In order to make an intelligent study of the advantages of the

spherical bearing, it is necessary to compare the values obtained

by testing the two halves of each individual brick. In each case

in the first one-hundred .and seventy-three tests we divided the

spherical test value by the plate test value and set up a ratio for

each brick. The average of these ratios should substantiate the

theoretical advantages of the spherical bearing if enough tests

are made to eliminate differences in material and accidental errors

in testing. In the remaining tests the ratio was obtained by

dividing the crushing value obtained from the test with the ball-
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and-socket bearing by that obtained from the test with the one-

piece spherical bearing.

In obtaining points for a curve showing the relation between

the unit crushing strength and the ratio of height to least dimen-

sion we found the average crushing strength of all the specimens

having the same ratio.

RESULTS OF TESTS.

1. The average ratio for the tests made with the one-piece

spherical bearing and flat plates is 1.03.

35' c of the tests were within 10' , of the average ratio.

22', '• " •' " between 10% and 20% of the average ratio.

16% " " " " " 20% and 30% " "

8% " " " " " 30% and 40% " "
" 40% and 50% " "

11', " not within 50% " "

2. The average ratio for the tests made with the ball-and-

socket bearing and the one-piece spherical bearing is 1.12.

12' , of the tests were within 10% of the average ratio.

between 10% and 20% of the average ratio.

17', - " " " " 20% and 30% " "

1S ,- .. .. « .< .< o Q r
f and 4(V ;

• «

;,, .. .. « .. « iQ(y( and 50% « «

14', " ' net within 50' ,
" "

k Average unit crushing strength obtained from the plate

tests is 8,340 pounds per square inch. The average unit crushing

strength obtained from the one-piece spherical bearing tests on

the remaining halves of the same bricks used in the flat plate' tests

:

- 3,380 pounds per square inch.

A. Flat plate tests :

, of the tests were within 10% of average crushing strength.
between 10% and 20% of average crushing str'th.

20% and 30'/, "

30% and 40% "

40% and 50'; "

not within 50' , " " " "

1!. One-piece spherical bearing tests:

9% of the tests were within 10% of average crushing strength.
25% ' between 10% and 20% of average crushing str'th.

21% " " 20% and 30V, "

21'; " " " " " 30%: and 40% "

16% •' '• " " " 40% and 50% "

8% " " " " not within 50% "

4. The average unit crushing strength obtained from the

ball-and-socket tests is 9,340 pounds per square inch. The aver-

age unit crushing strength obtained from the one-piece spherical

20% •• '•

" "

18% • '•

:,' ,
" "

4', " "
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bearing tests on the remaining halves of the bricks used in the

ball-and-socket tests is 8,760 pounds per square inch.

A. Ball-and-socket tests

:

.26% of the tests were within 10% of average crushing strength.
19'

20% '

14% "

10% "

H%> "

between 10% and 20% of average crushing str'th.

20%c and 30% "

30% and 40%c "

40% and 50% "

not within 50% " " " "

B. One-piece spherical tests :

31% of the tests were within 10% of average crushing strength.
26% of the tests were within 10% of average crushing strength.
31% " " " " between 10% and 20% of average crushing str'th.

15% " " " " " 20% and 30% "

13% " " " " "
. 30% and 40% "

5% " " " " " 40% and 50% "

5% " " " " not within 50% " " " "

CONCLUSIONS.
1. The fact that the ratio, 1.08, was obtained from the com-

parative tests with the one-piece spherical bearing and flat plates,

shows that the one-piece bearing has an advantage over the flat

plates.

2. The ratio, 1.12, obtained from the tests with the ball-and-

socket and one-piece spherical bearing shows that the ball-and-

socket bearing has an advantage over the one-piece bearing.

3. We recommend for an average crushing value for vitrified

-paving bricks that value obtained from the tests with the ball-

-and-socket bearing, which is 9,3-40 pounds per square inch.

4. The average modulus of rupture is 2,600 pounds per

square inch.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street. St. Louis, for publication in a sub-

iS^quent number of the Journal.]



SUGGESTED FORM OF INVENTORY FOR VALUATION
OF COMMON CARRIER PROPERTY

By D. F. Jurgensen*

Member of The Civil Engineers' Society of St. Paul.

So many perplexing questions are involved in the com-

pletion of the task imposed upon the Interstate Commerce
Commission by the Act of Congress, requiring the valuation

of the property of carriers, that it would seem advisable to-

prepare a tentative form of inventory which might be used

for the purpose of classifying the various methods now being

proposed for the purpose of arriving at the ultimate question,

viz.. "Fair Value."'

The Valuation Act of March 1, 1913, specifies that a tenta-

tive valuation be first prepared and submitted for considera-

tion, quoting:

* * Whenever the commission shall

have completed the tentative valuation of the

property of any common carrier, as herein direct-

ed, and before such valuation shall become final,.

the commissi< m shall give notice by registered-

letter to the said carrier, the Attorney General

of the United States, the governor of any State,

in which the property so valued is located and to

such additional parties as the commission may
prescribe, stating the valuation placed upon the

several classes of property of said carrier and

rhall allow thirty days in which to hie a protest.

It is insisted by some that "Fair Value" should be deter-

mined by the so-called "Reproduction or Replacement''

method, and the advocates of this method are again divided

into those who claim that reproduction implies allowances for

cost of acquisition, consequential damages, contingencies, en-

gineering expenses, interest during construction and many

Engineer, Minnesota Railroad and Warehouse Commission.
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other items, while others contend that the "Cost of Reproduc-
tion" should be limited to the ascertainment of the present

value of the items of property actually in existence, which it

is claimed is the true interpretation of the decision of the

United States Supreme Court in the Minnesota Rate Cases.

Another controversy has arisen with reference to the pur-

pose to be served by the valuation or to what use the valuation

may be put after it is made.

In this connection there seems to be a difference of opinion

whether or not the term "Fair Value" means one amount
when used as a basis for rate making and another amount
when used as a basis for sale or condemnation and perhaps

still another when used as a basis upon which to adjust cap-

italization.

The accompanying inventory is intended to suggest a form

in which each of these views, as well as other contentions not

necessary to specify, may find full expression. The thought

underlying the suggestion is that in advance of the ascertain-

ment of all the facts and circumstances, it is difficult, if not

impossible, to come to a definite conclusion as to the propriety

of the contentions advanced or the proper solution of the prob-

lem involved. If, however, an inventory of the property was

prepared, which would place in parallel columns the facts and

items depended on to substantiate each contention advanced,

it would, it is submitted, go a long way towards the solution

of the question and would, at least, simplify the work of the

Commission.

The accompanying inventory is naturally a mere skeleton.

The amounts used for illustration have been arbitrarily se-

lected. The inventory is not presented as an actual inventory

of the property of any carrier, nor is it at this time presented

as the final inventory or tabulation to be adopted by the Com-

mission. It is suggested as a "working form" and one which

is probably adapted to be used for the tentative or proposed

valuation specified in the Act of March 1, 1913, to be first

submitted by the Commission for criticism and to be, perhaps,

modified after the hearing provided for in the Act.
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The following is a description of the inventory

:

Sheet No. 1. Column 1. Items of property.

Column 2. Original cost.

Column 3. Appreciation.

Column 4. Present Value New.

Column 5. Cost of Acquisition and Consequen-

tial Damages of Transportation

Lands.

Column 6. "Cost of Reproduction New" of all

properties including" items contend-

ed for by those who advocate in-

clusion of Cost of Acquisition.

Column 7. '"Present Value New" of physical

properties in existence and devoted

or held to transportation business.

Column 8. "Depreciation"—i. e., actual exist-

ing depreciation in transportation

plant compared with plant if it was

new.

Column 9. Total "Actual Present Value" of

transportation plant, based on Col-

umns 1 and 8.

The foregoing six (6) columns of sheet one (1) have ref-

erence to all property owned by the carrier; the other columns

it will be noted, refer to property devoted to or held for trans-

portation business. The total amount of this property is found

in column 7 and in the following" columns deductions are made
upon different bases, each column showing the total actual

"present value" of the items included upon the particular basis

used for that column.

It is proper to say that each column in sheet 1 subsequent

to column 9 is based upon actual present value as given in

column 9 and that the basis adopted for column 6 has not been

carried into any of the subsequent tabulations.

I eets
:

-. ''>, J. 5 and 6 are analyses of the items found in

1 and require no detailed explanation.
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SMOKE ABATEMENT—A REPORT ON RECENT INVESTIGATIONS
MADE AT WASHINGTON UNIVERSITY.

By Ernest L. Ohle, M. E.*

Member of the Engineers' Club of St. Louis.

[Read before the Club, October 13, 1915.]

It is scarcely necessary before a body of engineers to

go into the causes for the pall of smoke that hangs almost

continually over our city. Nor is it necessary to prove to

a St. Louisan that smoke is a nuisance.

Our greatest fault lies in the fact that we too frequently

forget that smoke can be abated and that the abatement

may be, and nearly always is, a source of profit to the smoke
maker as well as to the community.

Between 8,000,000 and 9,000,000 tons of soft coal, ac-

cording to the Merchants' Exchange, are received annually

in St. Louis, and the greater part of this is burned in the

St. Louis district. The average efficiency with which this

coal is burned, according to the best estimates, is probably

not far from 50 per cent. With proper installations and

operation there should be an efficiency of 60 per cent or a

saving of 20 per cent over present conditions. This means
that we are practically throwing away between 1,500,000

and 2,000,000 tons of coal- a year, to say nothing of the ex-

*Professor of Mechanical Engineering-, Washington University.
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140 SMOKE ABATEMENT.

pense of handling this coal and the ashes funned from it.

Add to this waste the cost of removing the effects of the

smoke and you have an enormous sum which goes into the

production of nothing" of economic value.

The common oil lamp is one of the best illustrations of

perfect combustion and consequent smoke prevention. The
heated gases rising in the chimney produce a draft and fresh

air is continually drawn in at the bottom through the hot

gauze, which warms and divides it so as to insure thorough

mixing with the gases from the burning fuel. Turn up

the wrick and the flame becomes smoky—too much hydro-

carbon for the air supply; raise the chimney slightly from

the bottom and again there is smoke—too much air at too

low a temperature which chills the flame ; insert a cool

metal rod into the chimney and soot is deposited on it

—

chilling of the flame again and disengaging of the carbon,

while the hydrogen continues to burn. Thus we see that

there are three conditions necessary for perfect combus-

tion—sufficient air, thorough mixing of the gases and a sus-

tained high temperature. If these conditions are present

in a boiler plant there will be nothing to fear from the

smoke inspector.

Many of the existing plants are not equipped to give

these conditions—though much more could be accomplished

than is being done. A recent issue of the Engineering Maga-

zine characterized as Stupidity and Waste the losses which

appear in the power plant, and there is no place where a

greater saving can be effected than in the boiler room. It

is amazing how little information the average plant owner has

in regard to the costs in his boiler room. According to

one authority one fourth of the fuel bill is controlled by

the fireman—how is that fourth being managed? Only by

accurate records of each day's operation can any idea at all

be gained as to its disposition.

According to one of the largest coal dealers in St. Louis

he was furnishing five tons of coal a day to a certain plant

—

the operation of this plant was taken over by another com-

pany and the fuel consumption immediately dropped to

four tons a day using the same fuel and under the same load

conditions. One of the most notable savings was that of

the Crucible Steel Company of America. Their boiler plant
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was reconstructed at a cost of $130,000, and a saving of

- ,000 was effected the first year.

Too frequently results obtained under test conditions

Fig. 1. Section of Front Rank Furnace.



142 SMOKE ABATEMENT.

are looked upon by responsible heads as being entirely apart

from everyday interest and merely serving as a means to

occupy the time of the theorist. This has been particularly

true of the railway mechanical engineers, and yet notable

savings have been made by some of the railroads. To
quote from the Railway Review : "The Erie R. R. as long

as five or six years ago began to attract attention to itself

by virtue of the enviable results being attained by it in

the way of fuel saving; and yet after having justified and

Fig-. 2. Section of the Williamson Under-feed Furnace.

enjoyed a growing reputation in this regard during the

intervening" period, it has been found, as a result of careful

evaporation tests, according to the testimony of W. C.

Hayes before the recent convention of the International

Railway Fuel Association, that it is possible under test con-

ditions, to move traffic at a fuel cost of 87 pounds of coal

per thousand ton-miles as against 175 to 180 pounds, under

ordinary conditions of service. This situation has been de-
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veloped on many another road, with what result? Why,

generally the findings were looked upon as curious facts,

entirely at variance with practicability and let go at that.

The Erie, however, proposes to take a different stand—

a

study of the situation indicates to the responsible heads on

that road, that the difficulty heretofore has been in a lack

of supervision. Hence it is proposed to increase supervision

by some 80 per cent in order that at least a goodly portion of

this 50 per cent reduction in fuel cost may be realized. The
cost of the added supervision has been estimated to be $125,-

Fig. 3. Furnaces as Installed in the Laboratory.

000.00 per year. The probable saving in sight amounts to

$1,250,000—a paltry 1,000 per cent return on the invest-

ment."

The brick kiln problem is one which St. Louis has to

face. It has always been assumed that the brick kilns came
under the provision of the ordinance permitting dense smoke
where there was no known practicable device for preventing it.

And yet in reply to a letter from the Smoke Abatement Com-
mittee of the Civic League, Professor Edward Orton of the

Ohio State University—probably the greatest authority on
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ceramics in the country says: "Regarding the smoke from

brick kilns, would say, that there is no kind of fuel burning

industry in which smoke control is easier than brick and pot-

tery burning-—at least in most branches of those arts. The
conditions for successful avoidance of smoke are practically

the conditions one finds in a good brick kiln and where a brick

kiln is so handled as to smoke violently it is because the

fireman either does not know how to fire properly, or what is

much more commonly the case, does not want to fire properly?

Correct firing takes more labor and vastly more conscience

WILLIAMSON USJT)EnF£E.D &E.T UP FRO/iT 7ZA/VK SETUP

Fig-. 4. Diagrammatic Sketch of Set-up.

than crude firing. It is very easy to avoid smoke by firing

in small amounts at frequent intervals and with proper regula-

tion of the air supply. But if a great deal of fuel is thrown

at once into a hot fire box and the doors closed nothing under

heaven is going to prevent a great cloud of black smoke.

The latter way is the easy way and therefore smoke is com-

mon."

In our investigations last spring a large number of power
plants were visited in company with an inspector from the

City department and smoke observations made. The installa-

tions that were examined included fire and water-tube boiler

plants and the furnaces ranged through hand fired of the

plain grate and down draft types and automatic stokers of the

chain grate, inclined grate, and underfeed types.

It was found that some of the best equipped plants were

among the worst offenders, due to careless operation and
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wrong sized coal, and that some of the poorly equipped plants

were giving practically no trouble at all, due to careful opera-

tion or to the simplest of devices. A smoke indicator showing

the condition of the stack at all times was found to be an

especially efficacious device in its effect on the fireman. Steam

jets also gave good results though the cost of operation is

high where the}- are allowed to run continuously. In one

instance it was found possible to completely clear a stack

in ten seconds by simply cracking the furnace doors.

During the heating season a great deal of the smoke in

the residence section comes from the so-called low pressure

SMOKR INDICATOR

and the residence heating plants. While the amount of smoke
emitted from a stack may not be so much at any one time

the continuity of emission makes a large total volume.

In order to get some idea of the number of smoking stacks

and the amount of smoke emitted, observations were made
from advantageous points in the West End section of the

City, the results follow : March 2
;
point of observation, 6100

Delmar ave. ; 6-1 stacks in sight; 10 smoking average density

between 1 and 2 ; observation lasted from 1 :10 till 3 :05 ; all

stacks still smoking at the end of the "observation. March

4; same point; 21 of 61 stacks smoking; 5 violations; 19

reached a density of 3 or more ; observation from 1 :30 till

4 :00 ; all still smoking at the end of the observation. March
•o ; Washington and Grand ave.; 14 stacks smoking; grade
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ranging from 2 to 5 ; time, 5 :16 to 5 :44 ; still smoking at end

of observation. March 8; roof of Washington Hotel; 81

stacks smoking between 1 :10 and 1 :25 ; including one large

stack with No. 4 and three large stacks with No. 3.

These observations show that a large percentage of the

s.tacks are smoking continually and it could scarcely be other-

wise with the kind of coal used and the amount of attention

given to the furnaces. The furnaces are fired only two or

three times a day and they receive no attention between firing

periods.

At the suggestion of the Women's Smoke Abatement Com-
mittee and through the kindness of the Haynes-Langenberg

Mfg. Co., of St. Louis, who furnished one of their Front Rank
hot air furnaces and the Williamson Heater Co., of Cincin-

nati, Ohio, wTho furnished one of their under-feed hot air fur-

naces, a series of tests were run at Washington University

to determine what coals could be burned smokelessly and the

amount of attention necessary and the efficiencies of the fur-

naces.

Figure 1 shows a section of the Front Rank furnace, fig-

ure 2 a section of the Williamson under-feed furnace. The
furnaces were set up side by side in the northeast corner of

the Mechanical Engineering laboratory at the University as

shown by figure 3, and diagrammatically in figure 4.

The furnaces were quite thoroughly insulated by three

thicknesses of asbestos paper. Cold air was taken from the

outside through a 26 inch diameter duct about 6 ft. long for

the Front Rank furnace and about 12 ft. long for the under-

feed. The top of each furnace was coned and the hot air

taken away by a single duct 28 inches in diameter which

fitted over the apex of this cone. The hot air pipe was about

18 ft. long for the Front Rank furnace and about 12 ft. long

for the under-feed.

The smoke stack was made of galvanized iron and was 10

inches in diameter. It was placed between the two furnaces

and forked at the bottom so as to serve either. When one

furnace was being tested the leading to the other was dis-

connected and closed with a tight fitting cover. Figure 3

shows the Williamson furnace connected up for testing.

Figure 5 is a drawing of the smoke indicator. "A" repre-

sents a cross-section of the stack; "B" and "C" round pipes
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fitted to the stack with their centers in a direct line. The
pipe "B" is closed with a tight-fitting cover to which is

attached an incandescent electric bulb, while the end of "C"

is closed by a plate of frosted glass. When there is no smoke
in the stack the frosted glass shows a clear yellow light, but

when there is smoke the rays of light from the lamp are cut

off and the glass becomes dark.

The following was the general procedure in all tests : In

starting the fires a weighed amount of wood and shavings was
used and when this was well ignited coal was added. A value

of 5,800 B. t. u. was allowed for the wood and shavings. Both

furnaces were started in the same manner, the under-feed

device of the Williamson heater not being used until a good

bed of coals was established.

Readings of the various temperatures and of the air veloc-

ity were taken every five minutes. The flue gases were

analyzed frequently. The humidity of the air was taken every

half hour, and a continuous record was kept of the smoke,

grading according to the Rinelman chart.

A shovelful of coal at each firing was placed in a covered

receptacle and sampled according to the A. S. M. E. code at

the end of the test. All of the fire was dropped at the end

of the run and, together with the ashes, was placed in a large

tightly covered can to prevent further burning. When cool

this was sampled in the same manner as the coal.

The hot air temperature was kept as nearly constant as

possible by regulating the check draft and the damper, the

plan being to maintain a temperature difference of about

130 degrees between the cold and the hot air.

The quantity of air heated was measured at the entrance

to the cold air duct, the cross-sectional area of the duct being

divided into four inch squares and a calibrated anemometer

used to get the average velocity of the air. The specific heat

and the weights per cu. ft. of the air wTere taken from the

Carrier tables.

The following are the proximate analyses of the coals tested

made through the kindness of the City Testing Laboratory:

Fixed-

Xo. Kind Volatile Carbon Ash B. t. u.

1. Coke 2.19 91.99 5.82 11,107 Dry.

2. Anthracite .... 8.83 82.10 9.07 12 906 As rec'd.
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3. Arkansas

Lump .... 14.78 75. 61 9.61 13,539

Briquettes .... 19.9 73.30 6.80 14,903

Admiralty

Nut 22.4 70.00 7. GO 14,323

Inland Valley

Pea 35.98 53.44 10.58 12,246

Standard

Tump .... 46.2 43.0 10.80 11,690

The coke, anthracite, Arkansas lump, briquettes, Admiral-

ty, and Inland Valley pea coals were tried in the Front Rank
furnace. With the coke and anthracite, of course, no difficulty

arose, the only smoke made coming from the wood that was
used in starting the fires. The fires and temperatures were easy

to regulate.

With the other coals it was found possible to fire any
of them without at any time violating the ordinance pro-

viding the fire was brought to a state of incandescence before

putting on the fresh coal and then cracking the door of the

furnace for a few minutes after firing.

The greatest density of smoke was a No. 4 when running

on the Inland Valley pea coal and this lasted for only half

a minute, two minutes after firing, then dropped to a No. 2,

and in eight minutes the density was only No. 1.

The under-feed furnace is designed primarily for coals

higher in volatile than coke and anthracite and only the bri-

quettes, Admiralty, pea, and standard lump were used.

When using the under-feed mechanism for firing, the

greatest density reached was a No. 3, and this lasted for two

minutes, at the end of 25 minutes the stack was clear. This

was with the pea coal. With the briquettes and Admiralty

the density never exceeded No. 1.

When the coal designated Standard lump was tried it was

not possible to check the smoke and the test was abandoned

after 3 hours.

Our tests would show then, that, with the exception of

standard lump, furnaces of the types tested could burn coals

with analyses similar to those tested without objectionable

smoke providing reasonable care is exercised in their opera-

tion.

[Note—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]
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It is not the intention of the writer to give to the Engineers'

Club full and complete data of any test of any particular smoke

abating device, but to give a description of installations made
in St. Louis recently, considered and accepted as the best con-

struction for the purpose of generating power burning bitu-

minous coal without making dense smoke.

Chicago and St. Louis have been prominent in the number
of chain grate installations. In the past three or four years

in the East the new type under-feed stoker has been developed

and is rapidlv being installed in the new power stations and in

the reconstruction of old stations in that section.

The claims for these new type stokers are: Smokelessness

;

low maintenance ; low coal rates
;
great overload capacities,

and the responding to sudden fluctuations of load quickly.

In April, 1915. at the plant of the National Lead Co., on Man-
chester ave., this city, was installed a 400 h.p. B. & W. water-

tube boiler, having a five retort Taylor Stoker. The boiler was

set having 10 ft. under the front header. There are three

vertical passes, with rear up-take on top.

This was the first installation of the new type under-feed

stoker and has demonstrated that this stoker can burn the coal

of this field as well as the better grades of coal in the East.

The owners report its operation as being satisfactory and

capable of responding quickly to sudden fluctuations of load

as well as maintaining over-loads for long periods. Its smoke
abatement record is quite satisfactory.

In the new By-Product Coke Plant of the Laclede Gas Light

Co.. at Carondelet, in May, 1915, was installed a similar stoker

under a 50S h. p. Edge Moor water-tube boiler, the boiler hav-

ing 9 ft. under the front header. There are four vertical passes

with rear down-take into an under-ground flue leading to a

9 ft. by 220 ft. stack. It was the intentions of the Gas Com-
pany to burn coke breeze under this boiler. I am informed

that this fuel did not prove satisfactory.

In this boiler plant are Illinois chain grate stokers under

*Inspector of Boilers, Elevators and Smoke Abatement of the City of
St. Louis.
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two boilers of the same size and similarly baffled, in which
bituminous coal is used. The furnace construction is new
in this section. Over the grate is a fiat arch 7 ft., in. long,

15 in. from the grate in front and 27 in. from grate in rear.

The bridge-wall is run up vertically past the rear of the arch,

then slants to rear of the first pass. The distance from end

of arch and vertical face of bridge-wall is 3 ft., in.

The objections to chain grates by engineers is due to this

type of grate allowing air to enter the furnace through the

back portion of the grate. As ordinarily operated the coal

Taylor Under-feed Stoker and Babcock & Wilcox Boiler.

passes under the arch and ignition occurs, the volatile gases

begin to distill off, flowing under the arch and passing to

the heating surface without being mixed with the air that

has entered the furnace through the rear of the grate. With
the throat construction, the air entering at the rear of the

grate, and the volatile gases, will be forced to mix in this

zone of high temperature. This construction produces a Bun-

sen burner effect, resulting in a smokeless furnace and high

economy. The vertical bridge-wall has a beneficial effect not

only on smoke, but on capacity to burn the coal.

An illustration of long flame travel and mixing of gases,
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is in the power plant of the Rice Stix Dry Goods Co., Tenth

and St. Charles streets, where the installation consists of

two 350 h. p. Edge Moor water-tube boilers with Roney
stokers. The boilers are set having 8 ft., in. under the front

header. The lower row of tubes are bare from front header

to bridge-wall, with enclosing tile from bridge-wall to first

pass in rear. The baffling is vertical from the rear of the

boiler in three passes ; the gases escape in front up-take on

top of drums. The stack is 5 ft., 6 in. by 200 ft. high. Four
feet back of the bridge-wall is a two span arch of liberal area

which breaks up and thoroughly mixes the gases coming

over the bridge-wall on their way to the vertical rear pass.

Taylor Under-feed Stoker, Showing Arrangement of Air Ducts.

The chimney of this plant is practically smokeless—it is one

of the best, if not the best, in this respect, in the down-town
section.

A new type of boiler in this section was installed in the

plant of the Union Brewing Co., in August, 1914, and con-

sists of three 500 h. p. Wickes vertical water-tube boilers with

chain grate stokers. In addition to the 5 ft., in. arch over

the chain grate, there is a combustion chamber 8 ft., in.

long and 7 ft., in. above the grate for the gases to mix in
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before passing to the two vertical passes of the boiler. The
gases escape from the second vertical pass near the bottom

of the boiler, thence to a stack 7 ft., 6 in., in diameter and

185 ft. high.

It may be of interest to the members to give at this time

a list of boiler installations, plans of which were approved

by the Smoke Abatement Department, and permits issued

for a twelve-month period ending April, 1915.

Down Draft Furnace (Shell Boilers) 57
Chain Grate Stokers 18
Incline Stokers 6

Under-feed Stokers 3

Baffle Walls and Steam Jets.— 2

Baffle Walls only 6

Cast Iron Down Drafts 140
Cast Iron Straight Grate, smokeless fuel 22
National Stoker-Grate 3

Total 257
Down Draft Boilers 197 76.5%
Stokers 27 10.5%
Baffle Walls 8 3.1%
Cast Iron, Ordinary Grate, smokeless fuel 22 8.6%
National Stoker-Grate 3 1.3%

Total 100.0%

Powdered fuel is now claiming the attention of com-
bustion engineers. St. Louis is fortunate in having a plant

using bituminous coal in this form at the new Rolling Mills

ggjjTi

Chain-grate Stoker and Edge Moor Boiler.



RECENT PROGRESS IN BOILER INSTALLATION.
1ft

of the St. Louis Screw Co., on North Broadway. This plant

is equipped with crushers, pulverizers and dryers located in

a separated building. The pulverized coal is conveyed to

four melting furnaces of 25 tons capacit}^ each 2-1 hours. The
plant has been in operation since the early part of this sum-

mer and is the only one west of Pennsylvania which uses

powdered fuel in melting furnaces. It is needless to say the

stacks of these furnaces are smokeless.

There is now being equipped on a C. & N. W. locomotive

at Chicago, apparatus for the purpose of burning powdered

3i "Pop

Roney Stoker and Edge Moor Boiler.

coal. You can readily understand, in the absence of good
furnace construction on a locomotive, why interest is being

taken in this form of burning coal. I am informed there is

in operation, in passenger service west of Albany, N. Y., a

Xew York Central locomotive obtaining good results using

fuel in this form. The engineers of railroads are anxious to

know the results on these two trial installations. There are

many features to be worked out in using powdered coal on

locomotives, which can only be determined by tests extend-

ing over a long period.

There are 495 locomotives operating in and out of St.

Louis, 82^2 per cent being equipped with smoke abating de-

vices. In 1911, 38 per cent were thus equipped; in 1912,
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52 per cent; in 1913, 62J/2 per cent; and in 1914, 82^ per cent.

Progress in smoke abatement by locomotives can be

compared by the per cent of violations, and will indicate the

effect of equipping locomotives with devices, the reporting

of violations by the department to the railroads and the co-

operation of the railroad officials and locomotive crews. In

I7i —4-6'^—
-94£

Roney Stoker and Edge Moor Boiler.

January, 1912, of 1,222 observations, 534 or 43.7 per cent

were violations. In January, 1915, of 1,425 observations, 162 or

11.3 per cent were violations. The violations per 1,000 observa-

tions were 162, in 1912, and 96, in 1914. The per cent of viola-

tions in 1914, was 9.6 per cent. Roads operating passenger trains

only, the violations were 3 J/2 per cent or 35 per 1,000 observa-
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tions. A violation is the emission of dense smoke for one

minute or more for any observation period.

The number of observations of chimneys from which

dense smoke was emitted from power and heating" plants and

railroad locomotives were as follows : 12,709 stack observa-

tions in 1911 as compared with 8,671 in 1913; 36,031 obser-

vations of locomotives in 1911 and 31,928 in 1913. Special

visits. 3,506 in 1911 and 2,695 in 1913.

The stack observations of power and heating plants are

of chimneys emitting dense smoke only—no observations are

recorded of chimneys not emitting dense smoke. A record

of chimneys not emitting dense smoke compared with chim-

Chain-grate Stoker and Wickes Boiler.

neys emitting dense smoke would be a fair comparison of pro-

gress made in smoke abatement by power and heating plants,

but we have not the facilities for obtaining and maintaining

such a record. The observations of locomotives are of all

locomotives observed, whether emitting dense smoke or

operating without emitting dense smoke.

The switching and freight locomotives are responsible for

80 or 90 per cent of the smoke from locomotives. Ninety

per cent of the observations are made of locomotives in these

two classes of railroad service. Switching and freight loco-

motives are always operating for long periods in the various
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yards within the city limits. Many roads arc now operating

locomotives in passenger service with monthly records of no

violations. The record of one railroad I desire to mention

T7777/
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Chain-grate Stoker and Wickes Boiler.
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particularly. Its service is principally operating passenger

locomotives. Of 721 observations, 11 or l l/2 per cent were

violations, the violations being 15 per 1,000 observations.

With the best known devices installed, operated by the

engine crews and hence subject to their carelessness for re-

sults, and allowing for the variable loads and difficult con-

ditions under which locomotives usually operate, it cannot be

expected that the smoke from locomotives will ever be abated

to the extent that has been done in stationary plants.

In making furnace investigations the Department was

naturally limited in the number made. I am pleased to report

Powdered Fuel Apparatus on Melting Furnace, at St. Louis Screw Co.

to the Club the results of a test made in a manufacturing-

plant and of tests made in one of our large railway power

plants. The results of the latter are particularly interesting

due to the unfavorable conditions for smoke abatement.

The instruments used by the Department in furnace in-

vestigations are as follows:

An Ellison Differential Draft Gauge and a Foxboro Re-

cording Draft Gauge, each graduated to read from to 1^2 in.

of water; a Hays Improved Flue Gas Analyzer reading to 0.2

of one per cent, and a double scale high reading Thermo-

electric Pyrometer. This Pyrometer is made by the Industrial

Instrument Co., and is equipped with a Platinum-Rhodium



158 RECENT PROGRESS IN BOILER INSTALLATION.

Hi*

J-

^



RECENT PROGRESS IN BOILER INSTALLATION. 159

Thcrmo-Couple, 28 in. long and with a base metal fire-bar

48 in. long. The instrument reads from to 3,000 degrees

Fahrenheit, when the Platinum-Rhodium Couple is used, and

from to 1,800 degrees Fahrenheit, when the basemetal fire-

bar is used.

In its investigations, the Department is forced to be con-

tent with such tests as do not require a great amout of pre-

paration.

Evaporative tests, in addition to the type of tests described

in this paper, would be exceedingly valuable. They are,

however, out of the question, owing to a lack of equipment.

Figure No. 10.

a lack of enough trained men to conduct the tests, and the

impossibility of arranging boilers for test without expense

and considerable inconvenience to owners. As the Depart-

ment is interested primarily in producing efficient combus-

tion, the utilization of the heat produced in the process being

of secondary importance, evaporative tests are not essential

to our work.

Figure Xo. 9 shows a type of furnace which has been in-

stalled under many hand-fired water-tube boilers in St. Louis,

and has given satisfactory results in smoke abatement. The

construction consists of a baffle-wall, having a series of arched
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openings extending from the floor of the combustion chamber

to within 12 or 13 in. of the top of the bridge-wall. The
combustion chamber is paved and the side and back walls

lined with firebrick. The drawing shows the lower row of

tubes enclosed in box-tile. In later forms of construction,

T-tile have been substituted for the box-tile over the grates,

the box-tile enclosing only that portion of the tubes between

the baffle-wall and the front face of the bridge-wall.

Figure No. 10 shows graphically the results of a test upon

a furnace of this latter type.

Draft readings were taken at the base of the stack which

rests upon the walls of the setting directly over the up-take.

Temperature readings were taken through a one inch pipe

inserted through the side wall of the furnace at the bridsre-

Titrre.

Figure No. 11.

wall, halfway between the top of the bridge-wall and the

tubes.

C0 2 determinations were made every minute during the

test, the flue gas samples being obtained through a stay-bolt

hole in the rear water-leg, between the first and second row
of tubes.

No attempt was made to coach the fireman or to inter-

fere in any way with his usual handling of the boiler.
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Special smoke readings were not attempted, but after each

firing', the stack was observed through a skylight directly

over the fireman's head, and the emission of dense smoke
prevented by opening, or, as it is termed "cracking" the fire

doors about three inches.

The doors remained cracked for a period averaging three

minutes after each firing, and were then closed until the next

firing period.

Time of firing and the total number of shovels of coal

are indicated upon the chart.
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Figure No. 12.
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All furnace doors, three in number, were fired at each

firing period by the spreading method, a l^ in. clean nut coal

being used.

Many engineers have questioned the economy of furnaces

of this type when fire doors are cracked to prevent smoke

emission. It is, therefore, interesting to note that the maxi-

mum CG 2 readings were obtained during the periods of air

admission over the fire through the fire doors.

The furnace temperature increased also during this period

of air admission, the maximum reading after each firing lag-

ging behind the maximum C0 2 reading, as is to be expected.
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The following" average readings were obtained:

Draft 0.61 inches.

Steam Pressure 116 pounds.

Temperature of furnace 2,050° Fahrenheit.

C0 2 11.4 per cent.

At 4:20 p. m. the steam pressure ran up, due to shutting

off a tank using live steam. The furnace was not fired again

for fifteen minutes, causing the furnace temperature and the

C0 2 reading to decrease as is indicated in the chart.

Higher average readings of CO, and temperature would

^^:-i:piMiij ami:
'

have been obtained if the boiler had been operated normally

during this period. However, no apology need be offered for

these averages, as they represented far better conditions than

exist in the average boiler plant.

As has been previously stated the fuel used during this

test was a clean 1*4 in. nut coal. The Department has found

nut coal an extremely difficult fuel to handle smokelessly,

and its use is therefore not encouraged.

During the spring of 1915, an extended series of tests was

made by the Department upon the boilers of the United Rail-

ways Co., at Park and Vandeventer avenues.
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This plant contains 16 horizontal-pass O'Brien water-tube

boilers, each having 228 3^ in. tubes. 18 ft. long. They are

rated at about 410 h. p. and are equipped with Green Chain

Grate Stokers. A large self-supporting steel stack serves all

boilers. The connections from the stack to boilers are made

through two overhead breechings each carrying four batteries

of two boilers.

The conditions under which this plant operates are ex-

tremely unfavorable for smoke abatement. Except for two

periods of peak load of approximately three hours each, at
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Figure No. 14

about 6:00 a. m. and 4:00 p. m., the fires under all boilers

are banked. When the fires are brought out of bank, dense

smoke is produced for a considerable length of time. This

smoke is particularly noticeable in the afternoon.

At their request, the Department undertook to assist this

Company in devising means for bringing the boilers out of

bank with a minimum of dense smoke! Tests were run during

the starting periods to determine the conditions prevailing.

The firemen were cautioned to make no change in the usual

methods of handling the boilers.

The three tests upon boiler No. 13, Figures, No. 11, 12
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and 13, are representative of conditions under ordinary

methods of bringing- these boilers on, while the two upon
boiler No. 8, Figures, No. 14, and 15, represent conditions

while the boilers are being forced.

Briefly, the Company's method of meeting the afternoon

peak load is as follows: At about 3:30 p. m., the stokers are

started and the fire run back to the bridge-wall. This is done
with the dampers closed in order to avoid an inrush of cold

air through the rear of the grates. Dampers are kept closed

{si i:»a ft/0 «fZ0

77m?.

Figure No. 15.

until there is a call for steam. At about 3 ;45 p. m., the auxil-

iaries are put on, and a few minutes later the first large gen-

erating unit is started. The load comes on between 4 :00 and
4 :30 and additional units are started in succession to carry it.

Figure No. 11, shows the results obtained during a period

as described. Each step in the chain of operations may easily

be followed. The draft curve shows a gradual increase in

draft over the fire from 3 :15 to 3 :45, due to sealing the rear

end of the grate. An increase in temperature in the com-
bustion chamber and in steam pressure naturally follows.

The results of a call for steam, and consequently the pump-
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ing of comparatively cool feed water into the boiler is shown

by a drop in furnace temperature at 3 :'40 and a reduction in

steam pressure later. The damper was opened at 4 :26 and

the stoker speed increased, which immediately shows in the

CO., curve.

The draft readings were taken by the recording draft gauge

from a point midway in the length of the arch. Temperatures

were obtained at a point over the bridge-wall halfway be-

tween the tubes and the top of the wall.

Steam gauge and temperature readings were taken every

five minutes.

Figure No. 16. Furnace Reconstruction at United .Railways Co. Central
Power House.

CO., readings were taken every minute, the flue, gas sam-

ples being obtained from a stay-bolt hole in the rear water-

leg above the second row of tubes.

The station load curve was plotted from the load sheet

furnished by the Company.
The CO, curve is extremely irregular, the high reading

being 13.5 per cent and the low 6 per cent, considering only

the part of the curve from 4 :30 to 5 :30 p. m.

The vertical marks upon the temperature curve indicate

times at which the fire was raked through the inspection

door. The CG 2 curve shows that, as a rule, these rakings

improved the condition of the fire. A study of the fires to-
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gether with a study of this and similar charts clearly indi-

cated the advisability of increasing the thickness of fires, as

it was quite evident that the rear end of the grate was in-

sufficiently sealed.

Figure No. 17. Furnace Reconstruction at United Railways Co. Central
Power House.

The maximum furnace temperature obtained was 2,000°

Fahrenheit.

Figure No. 12, shows the results of a test several days
later. These curves follow the same general form as those
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previously described. The COa curve of this test also shows

the effect of raking the fire.

Here again the CO., curve is extremely irregular, the high

reading being 13.2 per cent.

The maximum temperature reached in the combustion

chamber was 2,000° Fahrenheit.

A series of graded smoke readings is shown at the top

of the Chart. The characteristic stack performance is clearly

shown, the smoke emitted being from all the boilers in opera-

tion, usually fourteen. The Chart clearly shows that as the

settings become hot, the density of the smoke decreases.

Figure Xo. 11 shows the results obtained from boiler No.

S. with a chain speed of 3 in. per minute. During this test,

conditions in the furnace were observed through inspection

holes 2 1
2 in. in diameter, marked 1, 3. 1, 5 and 6 upon the

sketch in Figure Xo. 11. The inspection holes were located

as follows: Hole Xo. 1, at the bridge-wall, about halfway

between the top of the wall and the tubes ; hole No. 2, about
- n. in rear of hole Xo. 1, about 1 ft., 6 in. above the com-

bustion chamber floor ; hole Xo. 3, about 1 ft., 6 in. in rear

of hole Xo. 1, about 1 ft.. 6 in. above the floor ; hole Xo. 4,

directly beneath hole No. 3, about 2 ft. above the floor; hole

Xo. •">. at the end of the tube-tile, 3 ft. above the floor; hole

Xo. i;. at the rear wall of setting 3 ft. above the floor.

At all times during the test, the combustion chamber was
filled with- intensely white flame, making it impossible at any

point to see the setting wall opposite the inspection holes.

The COo curve shows a maximum of 17 per cent and a

minimum of 9.8 per cent, averaging 13.8 per cent.

The maximum temperature was 1,910", the minimum 1,680°,

averaging 1,830°.

After careful study of these and other tests, the Depart-

ment recommended, as an experiment, additional furnace

construction, the removal of the box-tile from the tubes in

front of the bridge-wall, and thickening the fire to seven

inches.

Figures Xo. 16 and 17 shows the furnace construction

recommended. It consisted of a baffle-wall in rear of the

bridge-wall having two arched openings. The arches were

sprung from a central pier to the side walls of the setting,
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the distance from the crown of the arches to the box-tile

being approximately 18 inches.

The purpose of this baffle-wall was three fold ; to secure

a more intimate mixture of air and gas, to produce a longer

flame travel, and to interpose in the natural path of the flame

a mass of brickwork which, due to its position would heat

more rapidly than the walls of the setting.

The box-tile was removed from the tubes as far back as

the bridge-wall, and T-tile substituted. This was thought

advisable in order to prevent the furnace from attaining too

high a temperature. Box-tile covered the tubes from the front

face of the bridge-wall to the baffle-wall to prevent direct

impingement of the flame upon the tubes with the attendant

liability to blow-torch action.

The furnace of boiler No. 13 was the first reconstructed

along these lines. The results of a test are shown in Figure

No. 13.

In this test, a high CO., reading of 15 per cent and a low

of 8^4 per cent was secured, averaging 12^4 per cent. This

average is but one per cent less than the highest reading of

all previous tests upon this furnace before reconstruction.

The most important point in the test is to be found in

the Smoke Chart. Graded readings were made upon the

stack, which, of course, gave the aggregate of smoke emitted

from all the boilers. Observations were made through a

peep-hole in the combustion chamber of the boiler under

test. The peep-hole was located in the middle of the length

of the first pass, about a foot below the first row of tubes.

Although the stack emitted dense smoke for a large part of

the observation, the gases in the combustion chamber of the

test boiler were transparent, and the chamber so bright that

the observer was able to see distinctly the brickwork of the

opposite side Avail, a distance of 9 ft., 6 in.

Figure No. 15 shows the results of a test upon boiler No.

8 after furnace reconstruction.

The high C0 2 reading was ]6.3 per cent, the low 13.4 per

cent, averaging 15.3 per cent.

During this test, inspection through hole No. 3 showed
clear gases with but an occasional dash of flame. Holes No.

5 and 6 showed intensely white flame. The appearance of the

entire combustion chamber indicated complete combustion.
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During" similar tests upon this furnace complete analyses

were made when C02 readings of 16 per cent or above were

obtained. In but one instance was a trace of CO found, the

reading being less than 0.*2 of one per cent.

It is worthy of note that an average of 15 per cent C0 2 ,

when, as in this case, complete combustion is secured,

is obtained with but 35 per cent excess air over the theoretical

amount required.

The results obtained in this test are seldom equaled upon
chain grate stokers in ordinary practice, and show the de-

sirability of securing a thorough breaking up of stratification

and mixing of gases in the combustion chamber.

[Xote.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Jourxal.]



THE TWIN CITIES' INTEREST IN THE HIGH DAM.

By Adolf F. Meyer.*

[Read before the St. Paul Society of Civil Engineers].

The Twin Cities have a two-fold interest in what is popu-

larly known as the "High Dam." They are interested in the

improvement which this dam will effect in the navigation of

the Mississippi River, and they are also interested in the High

Dam as a source of a very substantial quantity of water power.

The extent to which the extension of the navigability of

the Mississippi River from St. Paul to the easterly portion

of Minneapolis will benefit these communities, no one can

accurately foretell. It is not apparent, however, why the ex-

tension of the navigability of the river a few miles northwest-

erly should add greatly to the existing navigation on the

river below St. Paul ; why the mere fact that the river will

be navigable to Minneapolis should result in a great revival

of water transportation, notwithstanding the fact that there

will be no substantial change in its navigability below St.

Paul.

In considering the benefits which it is hoped will accrue

to these communities as the result of this navigation im-

provement, it is well to keep in mind that water transporta-

tion is always handicapped because the service that it can

render is necessarily intermittent and almost invariably un-

certain. Our inland waterways of Minnesota are icebound for

nearly half the time, and particularly during the greater por-

tion of the crop-moving period. Moreover, waterways are

fixed in location, and incapable of material extension, when
compared with our railway systems, whose tracks can reach

every village and every factory. Waterways are usually un-

navigable at the time of greatest demand for transportation

facilities, hence they necessitate, in a large measure, a duplica-

tion of transportation equipment. In comparing rail and

water rates, it is common practice to compare these rates on

the basis, merely, of cost to shipper. We deceive ourselves

into believing that Uncle Sam builds the waterways ; that if

a boat can move freight at a lower rate than a railway train,

the community benefits from the water transportation. As
a matter of fact, every community in the United States pays

*Consulting- Engineer and Associate Professor of Hydraulics, Uni-
versity of Minnesota.
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its part of the river improvement now being executed in the

Twin Cities by the Federal Government, and we, in turn,

contribute toward every improvement carried on between the

Atlantic and the Pacific, and between the Gulf and the Great

Lakes. In other words, this community and its tributary area

which is to benefit most from the work under discussion,

virtually pays for its own river improvements. To be of

benefit to this community then, our waterways must permit

the carrying of freight at rates sufficiently low to pay not

only the mere cost of operation, but also the fixed charges

on the money invested in the improvement. As actual or

potential competitors of our railways to keep down rates,

waterways have virtually been displaced by Rate Commis-
sions. Unless our waterways can render real service to the

community, and fully repay us for the money spent in their

improvement, they cannot be considered the important fac-

tors in our commercial development that some of our water-

way enthusiasts would have us believe.

Since our waterways are not available at the time of great-

est demand and must be practically duplicated in rail equip-

ment which, by itself, is capable of meeting the maximum
demand for transportation facilities, the fixed rate charges

plus the operating cost of our waterways, must be less than

the cost of operating our railways, exclusive of fixed charges

on the structures and equipment, or our waterways will not

effect a saving from the social viewpoint. The desirability

of river improvement must, after all, be measured, primarily,

by the return which we will get for every dollar invested.

A few of our main, direct waterways, requiring little im-

provement per mile of route, such as our Great Takes Sys-

tem, are yielding a splendid return to the country on the

money spent on their improvement. The benefits resulting

from the improvement of our minor, circuitous waterways,

however, is not so evident.

While the Twin Cities, through the aid of their Congress-

men, were able to secure the expenditure of over $2,000,000

on this portion of the Mississippi River as their share of river

and harbor appropriations, I venture the statement, predicated

upon a judicious use of the energy which will become avail-

able, that the High Dam possesses at least as great potential

value for the power which it will develop, as for the service
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which it will render the country in improved transportation

facilities.

The interest of the Twin Cities in the High Dam as a

source of water power, is primarily the interest of the con-

sumer in securing a necessary article of consumption at a

lower price. In the disposition of power developed at the

High Dam, three possibilities are worthy of consideration :

First, the Federal Government may complete the de-

velopment, install the necessary hydraulic and elec-

trical equipment, and operate the plant,—disposing

of the product in the open market.

Second, the Government may lease the site and the

power house, in its present state of partial comple-

tion, to the highest bidder.

Third, the Federal Government may lease the site to

the Twin Cities and the State of Minnesota, as rep-

resented by the Municipal Electric Company.

In case the Federal Government completed and operated

the power plant and turned the surplus earnings of the plant

into the Treasury of the United States, it would mean a sav-

ing to the tax payers of every other portion of the country.

However, assuming a fairly uniform distribution of river

improvements throughout the country, this community, and

its tributary area, as previously indicated, has virtually paid

for its own river improvement. It would appear then, that

it is entitled to at least a large share of the benefits resulting

from the improvement, consequently, the earnings of the

plant, over and above the fixed charges and cost of operation,

properly belong to the community. If such surplus earn-

ings were returned to the State of Minnesota, as represented

by the State University and Cities of St. Paul and Minneapolis,

in return for furnishing the Federal Government with flowage

over their lands, and for relinquishing all claim to the ap-

purtenant, fall which makes the development of power at the

High Dam commercially feasible, and also, in consideration of

the fact, as previously indicated, that each community vir-

tually pays for its own river improvement,—under these con-

ditions there would appear to be no objection to the Federal

Government developing the water power and selling the

product in the open market.

In discussing the second possibility, i. e., of the Federal
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Government leasing the power site to the highest bidder, it

is necessary to consider the mutual obligations which have

been incurred from time to time between the Federal Govern-

ment on the one hand, and the Twin Cities on the other.

In furthering the navigation improvement, the Cities have

donated part of the site for the present High Dam, and have

dealt liberally with the Federal Government in the matter of

granting flowage over lands lying above the ordinary high

water mark. On the other hand, in urging upon the Federal

Government desirability of modifying the original project to

provide for the development of water power, both St. Paul

and Minneapolis pledged themselves to pay for the addi-

tional cost, then estimated as about $250,000, of increasing the

height of the dam so as to make the development of water

power possible.

The original project called for the construction of two

navigable dams. At neither of these dams, however, was

sufficient fall available to make the development of water

power commercially profitable. This matter was reported

upon, in no uncertain terms, by a Special Board of the United

States Army Engineers, in 1907. All of the land over which

the Federal Government can be considered as holding an

easement in the public interest had already been utilized for

navigation purposes. \\ nen negotiations for the modifica-

tion of the navigation project to provide for the development

of water power were initiated, riparian ownership in practi-

cally all of the additional land required for flowage, amount-

ing to about 40 acres of fast land above the high water mark,

rested in the State of Minnesota and in the Cities of St. Paul

and Minneapolis.

In adopting the recommendations of the Chief of Engineers

for the modification of the original navigation project to pro-

vide for the development of water power, Congress did not

say, in so many terms, that the High Dam was necessary for

navigation purposes. The circumstances surrounding the case

of the Twin Cities are widely different from those which led

up to the Chandler-Dunbar decision in the St. Mary's Falls

case. In that instance, Congress on March 3, 1909, declared

by legislative enactment, "That the ownership in fee simple

absolute by the United States of all lands and property of



174 THE TWIN CITIES' INTEREST IN THE HIGH DAM.

every kind and description north of the present Saint Mary's

Falls ship canal, through its entire length, and lying between

the said ship canal and the international boundary line at

Sault Sainte Marie, in the State of Michigan, is necessary for

the purpose of navigation of said waters and the waters con-

nected therewith." (Italics are writer's own.)

The Secretaiw of War was directed to take proceedings,

immediately, for the acquisition, by condemnation or other-

wise, of all of said lands and property of every kind and de-

scription, in fee simple absolute.

In the case of the High Dam, on the other hand, the Second

Special Board of Army Engineers reported favorably on a

proposed modification of the navigation project to permit the

development of water power. It believed co-operation with

the Cities of St. Paul and Minneapolis to be advisable. The
Board of Engineers for Rivers and Harbors concurred in the

recommendations and conclusions of the Special Board. The
Chief of Engineers also concurred in the recommendations of

the Board, and expressed himself on the proposed co-operation

in these terms

:

The Cities of Minneapolis and St. Paul are deeply

interested in the construction of a high lock and dam,

and in addition are naturally the most desirable

lessees of any surplus power that may be created

thereby. Through assurances of reasonable and

proper concessions to them in the matter of leasing

such surplus power it is thought to be possible to se-

cure a voluntary donation of the right of flowage

over their lands. It is therefore recommended that

negotiations to this end be had with the proper agen-

cies of these municipalities
"

In the River and Harbor Act of June 25, 1910, Congress

adopted the modified project as recommended by the Chief

of Engineers, with the provision, "That in the making of

leases for water power, a reasonable compensation shall be

secured to the United States, and the rates as fixed shall be

subject to revision by Congress."

Hence Congress also expressed itself as being favorable

to the lease of the available water power to the Cities of Min-

neapolis and St. Paul, with merely one provision, namely,

that a reasonable compensation be secured to the United
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States and that the rates as fixed be subject to revision by

Congress.

Congress adopted the recommendations of the Chief of

Engineers to the effect that negotiations be had with the

municipalities for the purpose of securing free fiowage over

their lands in consideration for assurances of reasonable and

proper concessions to them in the matter of leasing the surplus

power.

It would appear then, that not only the War Department,

but the Congress of the United States, has committed itself

in favor of leasing the available power to the Twin Cities and

the State University, at a reasonable rate, in return for obtain-

ing fiowage over their lands at nominal cost. It then, instead

of leasing the available power to the Municipal Electric Com-
pany, the Federal Government offered the lease to the highest

bidder, it would appear that the Cities of St. Paul and Min-

neapolis and the State University, in receiving compensation

for their riparian rights, would be entitled to all that the raw

water power is worth for commercial purposes. The Govern-

ment would be taking from the Twin Cities not only 40 acres

of fast land, but the appurtenant fall which makes power de-

velopment at the High Dam commercially practicable. Al-

though technically, the Cities and the State University may be

considered as separately owning certain parcels of land, the

fall along which does not permit of economical development,

and although at about the time that I reported upon the advisa-

bility of the State University, as a member of the Municipal

Electric Company, entering into an agreement with the Fed-

eral Government for the leasing of the power site on the terms

of the Stevens' Bill, then before Congress, I urged that if

the Municipal Electric Company were forced to bargain with

the Federal Government, it would be in a stronger position if

the Cities and the University pooled their rights and deeded

all of the fiowage lands to the Company ; nevertheless, from

the broader, moral viewpoint, I believe that no action on the

part of either city in parting with valuable riparian rights,

should invalidate the larger claims for consideration which the

Cities and the University have, because of their former owner-

ship of practically all of the fall in the river which makes the
High Dam valuable as a power site. I would repeat, then,

that if the Federal Government desires to lease the power site
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to the highest bidder, the Twin Cities and the State are en-

titled to virtually all that the raw power is worth in the open

market.

In the event of actual competition in bidding, and in the

event that the Cities and the State received for their riparian

rights all that these rights are worth, the community would
receive substantially all of the benefit to which it can lay

claim. On the other hand, if the power were sold to a pri-

vate corporation under the competitive bids, and if the Cities

received little or nothing for their riparian rights, the com-

munity would receive neither direct compensation for valuable

water power rights, nor indirect compensation in reduced

rates, unless the highest bid was substantially less than the

value of the power rights secured, and unless the successful

bidder happened to be a public service corporation, operating

as a monopoly, and whose rates were subject to regulation

by a public body.

If the rights are to be sold to the highest bidder, the

Municipal Electric Company is, of course, free to bid. If we
admit that this Company would be unable to compete with

public service corporations for the power rights, we virtually

admit that the Municipal Electric Company is not in a posi-

tion to utilize the available power to as good advantage as

the public service corporations which already have an estab-

lished business. Unless the Municipal Electric Company can

market its product without restriction, this is undoubtedly

true, notwithstanding the fact that in some respects the Cities

have an advantage over the private corporations. They can

borrow money at a little lower rate of interest, and sell bonds

for a longer term of years. They are not suffering from over-

capitalization, and are not burdened with undesirable con-

tracts or obsolete equipment. They need not spend money
on rate controversies or litigation, nor incur development

expenses. Moreover, the existing pumping plants of the two

Cities can be utilized so as to reduce the necessary invest-

ment in a steam auxiliary power plant by about $200,000.

This pumping plant can deliver water to the reservoirs of

the cities at a less operating cost than a small steam power

plant generating current which has to be transmitted and

transformed, and then applied through a motor to centrifugal

pumps, can possibly do. As the steam pumping plants are in
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existence, they serve as emergency pumping equipment and

auxiliary power plant of about 2,500 to 3,000 kilowatt capacity

at the same time.

The reservoir storage at the Minneapolis filtration plant

amounts to about 80,000,000 gallons. By 1920, the daily water

consumption in winter is not likely to exceed 40,000,000 gal-

lons. The Minneapolis steam pumps have a capacity of 30,000,-

000 gallons daily, so that in case the electrical pumps were tem-

porarily disabled, or no current were available, the steam

pumps, by running continually, would be able to furnish the

additional water necessary to supply the city for eight days.

The St. Paul steam pumps have an aggregate capactiy of

about twice the present mean daily water consumption.

On the other hand, there appears to be no valid reason why,

through proper co-operation, current might not be secured

from public service corporations for the operation of motor

driven centrifugal pumps during off-peak hours, as is now
done in Minneapolis, and the steam pumps of both Cities

operated at times of low water, exactly as if the Municipal

Electric Company were furnishing the current.

To be able to bid against public service corporations for

the power rights at High Dam, the Municipal Electric Com-
pany must be in a position to dispose of its product in the

open market, and without restrictions.

In the event of the third possibility, i. e., that the Federal

Government would lease the power rights to the Municipal

Electric Company on terms substantially in accord with the

promises of the two Cities to pay the increased cost of the

High Dam, and in accord with the recommendations of the

Chief of Engineers and the Act of Congress, which recognized

the two Cities as "the most desirable lessees of the surplus

power," the Municipal Electric Company would be in a posi-

tion to furnish current at attractive rates.

In 3 913, the Government Engineers estimated the addi-

tional cost of the modified navigation project, to make water

power available, as being $800,000; including in this estimate

$180,000 for flowage rights over both private and city lands.

Adding to this original estimate the probably increased cost

occasioned by delays and washouts during the past two years,

and the cost of completing and equipping the power house,

the cost of transmission lines and substations, but not the
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cost of the distribution system required to bring the power to

the various points of consumption, such as the street lamps,

for example, and then deducting" the estimate for flowagc over

city and state lands, will bring the probable total cost of power

development at the High Dam, upon which a return must

be earned, to nearty $2,000,000. Although interest and depre-

ciation charges on a large portion of this investment would

be relatively small, it is probable that not less than an annual

return of $200,000 will be required to fully pay all fixed charges

and operating costs on the power plant, transmission lines,

and substations. On the basis of the last ten years' records,

there would be an average of 9,000 kilowatts of power avail-

able at the station switchboard. This would represent an

average of about 67,000,000 kilowatt-hours of power at the

various substations which, if all utilized, would need to bring

an average of three-tenths of a cent per kilowatt-hour at the

substation in order to yield an annual return equivalent to the

above estimated fixed charges and operating costs.

The feasibility of the Municipal Electric Company oper-

ating a power plant at the High Dam would depend primarily

upon the amount and the character of the load which the

demands of the Cities and the State University would place

upon the plant. If the interests of the Twin Cities are to be

served, it is imperative that a definite plan for the utilization

of the available power be mapped out before the Municipal

Electric Company bids for the power rights at the High Dam.
I would judge from the position which some people have

taken in this matter, that they are in favor of securing the

power rights at the High Dam and then selling them to the

highest bidder. That may be a feasible plan if the power

rights can be secured from the Government with such dis-

position in view ! On the other hand, however, it is possible

that public utility corporations would be inclined to bid for

the power just about what they felt it was worth to the

Municipal Electric Company, in case that Company desired

to develop and distribute electrical energy to the Cities and to

the State University. In the last analysis, then, the desirabil-

ity of obtaining the power rights at the High Dam would seem

to be dependent, largely, upon the uses which the Cities and

the State University can make of the power which would
become available.
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Among the principal public purposes for which power

could be used are street lighting", pumping of water, and the

miscellaneous light and power uses at the State University.

While the present demands for these purposes, measured at

the station, amount to less than half the average available

power, these demands are somewhat greater than the power

available during a few days of the winter extreme low water

period. These demands are continually increasing, and auxili-

arv power from some other source will very soon be required

even if the steam pumps are operated as an auxiliary during

occasional extreme low water periods. If each one of the

three members of the Municipal Electric Company proposes to

install and operate an independent steam auxiliary, these

plants will be so small and uneconomical as to be incapable

of developing power at a cost at all comparable with that at

which the larger steam units of the public service corpora-

tions can develop power. If the Twin Cities want the High

Dam power, not only must a definite load be mapped out for

the plant, but a definite agreement must be reached with re-

spect to the provision of a steam auxiliary plant. If the Cities

object to the purchase of auxiliary power from public service

corporations and demand an independent steam power plant,

then this plant should be centrally located and should fur-

nish power for all three members of the corporation.

On the whole, street lighting and pumping make a very

satisfactory load. Neither pumping nor street lighting load,,

have, strictly speaking, a peak. Both are really uniform loads

extending over a varying number of hours. While the great-

est demand for light occurs in winter, the greatest demand
for water occurs in summer, so that the combination of the

two makes a much better load than either alone. The light

consumption in winter is about one and one-half times what
it is in summer. The water consumption in summer is about

one and one-half times what it is in winter.

If the present gas and gasoline lights are replaced by elec-

tric lights, the street lighting and pumping loads will, in a few
years, be practically equal, making a splendid combined load

of sufficient size so that no miscellaneous light and power
load that ma}' be added can produce a high sharp peak. The
result is a load factor very much better than that of the ordi-

nary commercial light and power loads.
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So far as the utilization of electrical energy, developed

at the High Dam, is concerned, there seem to be no serious

obstacles to prevent its use for street lighting and for pump-
ing purposes by the municipalities. Pumping in St. Paul is

at present done by steam, consequently the change to motor

driven pumps can conveniently be made at any time. In Min-

neapolis, most of the pumping is being done by motor driven

pumps with current furnished by the Minneapolis General

Electric Company, but under a contract which is terminable

within six months. Street lighting in St. Paul and Min-

neapolis is done by public service corporations under a one

year contract.

According to Judge Fish, City Attorney, Minneapolis has

the necessary authority to purchase such existing street lamps,

poles, wires, and other appliances connected with the present

street lighting installation as it may desire to use, in the event

it should do its own street lighting. The Police and Fire De-

partments now have the right to use certain ducts and poles.

It is customary now, according to the Minneapolis Gas In-

spector, Mr. Meeds, for the companies to make joint attach-

ments to poles wherever possible.

In the franchises of the St. Paul Gas Light Company, and

the Consumers Power Company, according-to the Corporation

Attorney of St. Paul, the right is retained by the City of grant-

ing to any other companies, the right to use the poles and

wires of said electric companies upon paying a pro rata share

of the cost of construction and maintenance.

The Corporation Attorney holds, further, that there is a

provision in those franchises that in case the City should

build and maintain conduits of its own of sufficient capacity,

it could order in the wires of the two companies mentioned,

and compel them to pay a fair rental for the use and main-

tenance of the city conduits.

The amount of current furnished at present for street light-

ing purposes, from underground circuits, is comparatively

small in proportion to the total amount of current that will

be required for such purposes in a very few years. More-

over, it would seem entirely practicable for the cities to feed

their current into the substations of the public service cor-

porations, in the down town districts where the lights are con-

nected in multiple to the underground commercial circuits,
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and to pay these corporations a fair rental for the use of their

conduits and circuits.

It is safe to say that if cheap current can be secured, both

cities will find it desirable to gradually replace their gas and

gasoline lights with electric lights. In the residence portions

of the cities, pole lines are desirable. In some portions of

the Cities these lines have been placed in the alleys. In other

portions they have been placed on the cross streets. As the

residence portions become more closely built up, it will no

doubt become desirable to lay conduits in these portions and

to require all telephone wires and light wires to be placed

underground.

So far as extensions and alterations to the present systems

are concerned,—and these constitute the major portion of the

street lighting systems of the two Cities, when one looks at

this problem in a broad way—it would appear that the Cities

are in a position to make these extensions at least as advan-

tageously, if not more so, than a private corporation. A fair

rental can be charged the public service corporations for the

use of the Cities' pole lines and conduits, and the arrangement

made mutually advantageous and a benefit to the public.

On the other hand, in order to utilize the power available

at the High Dam to best advantage, the Municipal Electric

Company should be in a position to dispose of surplus power,

available only at certain seasons of the year, in the open mar-

ket. Furthermore, it should be in a position to purchase cur-

rent produced by existing steam plants whenever such pur-

chases appear desirable and economical. In other words, to

secure the best service for the community, not only the High
Dam but all other water power plants furnishing current to

Twin Cities consumers, should be interlocked with existing

steam plants into an interdependent system. True conserva-

tion demands that all of the water power plants should operate

at as near to 100 per cent load factor as possible, and that so

long as water is available no water power plants should be

idle while steam plants are in operation. Steam plants should

be used primarily as reserve equipment during low water

seasons, and as insurance against interruptions in service due

to break-downs in the water power plants.

In conclusion I desire again to call attention very briefly

to the water power which will become available, and to what
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I believe to be the value of the High Dam as a power site to

any corporation developing power by steam.

On the basis of the past ten years' records of stream flow,

there will be an average of 9,000 kilowatts or 78,700,000 kilo-

watt-hours of power available at the station switchboard.

During the lowest month of the driest year, there will be an

average of 4,000 kilowatts available, and during the most ex-

tremely cold days of mid-winter there may occasionally be

not more than 3,100 kilowatts available for a few days, even

when the pool is used to best advantage. At times of low

water the existing pumping plants of the two Cities could

economically be operated so as to raise the minimum available

power to about 6,000 kilowatts.

The water requirements of the Government Lock have, at

times in the past, been grossly exaggerated. In the first place,

the demand of water for lockage purposes occurs during the

open season, and not at the time of maximum demand for power,

nor at the time of minimum stream flow. Furthermore, if 25

boats were locked through every day, one at a time, only about

250 c. f. s. would be required for lockage purposes. This would

probably reduce the average power available per annum by less

than one per cent. Even assuming that navigation increased

to such an extent that boats would be waiting in line to be locked

through, and that the Government machinery operated as fast

as possible, day and night and every day during the summer,

the maximum demand for lockage purposes would not exceed

about 400 c. f. s. Moreover, if navigation increased to such an

extent as to demand even these 400 c. f. s. during the summer
months the community would be benefited by several

times the cost of producing the equivalent amount

of power by a steam plant during these few sum-

mer months when there is not an excess of water.

The Government demands for water for lockage purposes,

then, may be dismissed from consideration.

The hydro-electric installation contemplated in the report

which the writer made to the University about two years ago con-

sists of four units having a normal capacity of 10,500 kilowatts,

and an overload capacity of 12,500 kilowatts, when utilizing 6,000

c. f. s. under a 34 foot head. While the average amount of

water power available during the winter months will not much
exceed 4,000 kilowatts, it does not follow that the difference
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between 12.500 kilowatts and 1,000 kilowatts must be supplied

by steam in order to carry a peak load of 12,500 kilowatts. At

times of maximum demand, during the winter months, whenever

the stream flow falls below 1,500 c. f. s., the pool above the dam
can be utilized and the water power plant operated at a reduced

load factor. In this way the steam auxiliary plant may be

operated at an increased load factor, so as to materially reduce

the size of the required steam plant for any given December peak

load. On the other hand, the contemplated installation would

be capable of carrying a flood water peak load of only 7,000

kilowatts, i. e., the size of the required auxiliary steam plant may
possibly depend upon the June peak load. A 5,000 kilowatt steam

plant, operated in conjunction with the water power plant at the

High Dam, would be able to carry a December peak of 15,000

kilowatts at a 60 per cent load factor, even though the average

amount of water power available in December did not exceed

1,000 kilowatts. The same plants, however, would be able to

carry a peak of only 12,000 kilowatts during extreme high water,

but with 100 per cent load factor if necessary. The size of the

steam auxiliary, then, may possibly be determined by the June

peak load instead of by the December peak load, even though

the latter may be much the larger, and the average amount of

water power available in December may be much smaller than

the average amount available in June.

These considerations all go to emphasize the fact that while

the High Dam has indisputable value as a power site,—and there

is nothing to be gained by minimizing its value in our efforts to

secure the power rights for the Twin Cities and the University

—

it does not necessarily follow that its value may not be totally

destroyed by unintelligent attempts at the utilization of the energy

which can economically be developed at that site.

It has always been my view that the High Dam is of value

to the Twin Cities primarily as a nucleus around which a munic-

ipal electric light and power plant may be built. If the Cities

acquire the power rights at the High Dam but are averse to

further ownership and operation of public utilities, these power
rights would appear to be worth, to the Cities, whatever public

service corporations are willing to pay for them, minus what it

will cost the Municipal Electric Company to acquire these

rights from the Federal Government.

[Xote—Further discussion of this paper is invited, to be received by
Joseph W. Peters, .3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]



RIVER TERMINALS AND A BOULEVARD SYSTEM FOR ST. LOUIS

By Julius Pitzman,

Member of the Engineers'" Club of St. Louis.

An address delivered before a public meeting of the City Plan Commis-
sion on October 26, 1915.

Gentlemen of the City Plan Commission

:

At the request of the President of the Engineers' Club

I appear before your Honorable Body to give my views on

the subject of Defects in the present System of the Development

of our City and also to suggest remedies for such defects.

In speaking on this subject, however, I wish to say that

any statement I may make simply represents my own views,

as they are given without consultation with or the approval

of the members of the Engineers' Club.

The principal defect in the management of public affairs,

in my humble opinion, is to be attributed to the fact that the

majority of men selected for the City Council, or the Municipal

Assembly, have been men without sufficient experience in

public affairs to cause plans to be made for the rational de-

velopment of our City, and this system, or rather the want

of a system, has been the cause of enormous pecuniary losses

to our citizens and of the failure to realize all the advantages

due to our splendid geographical location.

I came to St. Louis in 1854, at a time when the property

on Fourth and Fifth streets between St. Charles street and

Chouteau avenue was the fashionable district. Shortly there-

after Chouteau avenue took the lead. Then followed the dis-

tricts between Market street and St. Charles street between

Fifth and Twelfth streets, Lucas place between Fourteenth and

Eighteenth streets, the Lafayette Park and Compton Hill dis-

tricts and finally Stoddard addition, between Beaumont street

and Garrison avenue was built up with elegant residences.

As Stoddard addition was located upon a magnificent plateau

and close to the business part of St. Louis, the people sup-

posed that their investments wrere safe for a long period of

years and began to build expensive homes. Street railroads

and rapid transit facilities, however, caused great changes

and in consequence thereof the younger generations bought

184
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lands further out, the electric line followed or preceded them

in all directions and caused the City to spread rapidly.

The city administration has never attempted to regulate

the growth of the city, never has developed a general plan

and in consequence of its failure to do so, districts undesirable

for homes and beyond reasonable extended limits were built

up and enormous expenditures were required to provide

streets, water, gas, sewers, etc., through vacant tracts to reach

these scattered districts. This method of expansion not only

largely increased the expenses of the City for maintenance, but

also forced the companies furnishing gas, electricity and

transportation to make larger charges than would have been

necessary if the City had been developed under a well pre-

pared plan and had not been permitted to scatter over too

large a district.

Most of you gentlemen have seen how rapidly such dis-

tricts in the West End, as the Grand avenue, Sarah street

and Taylor avenue ridges, were built up with elegant homes

and how rapidly theyr decreased in value, simply because

land beyond the improved district could be bought for a

lower price. This process has been going on so rapidly that in

a few years many of our wealthy people may live in St. Louis

county and the cost of maintenance .of the City will have to

be borne by the business men and by the poor and middle

classes which may retain their homes in St. Louis. By an

intelligent management, these conditions could have been

avoided to a large extent, by simply reducing the railroad fare

in the old portion of the city, say to three cents, and by charg-

ing one cent additional for each mile beyond those limits or

by not granting franchises through districts which should

not be subdivided on account of the cost of procuring drain-

age, etc., for such localities. If, at the time street railroads

were started, authority had been given to experts to lay out

certain routes with the view of developing the city systematic-

ally, and if companies wishing to build railroads would have

been obliged to build the roads along the routes designated,

then the city wrould have been much more condensed, the

cost of building streets, sewers, etc., would have been lower

and the railroad fares could have been reduced without loss

to the railroad companies.
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Streets and Sewers.

I have, for many years, criticised the action of our city

administration for building" streets and sewers in outlying

districts under the special tax law, for the reason that, in

many cases, the levy of taxes amounted to confiscation and

because an enormous amount of land was forced on the mar-

ket which should have been used for truck gardening for many
years to come and for the further reason that it was not a

benefit but a serious injury to our city.

The land within the boundaries of St. Louis contains

about forty thousand acres and if all the land is subdivided,

it would be sufficient to provide homes for a population of

two and one half million people and as we only have about

three-quarters of a million inhabitants, it is unwise and a

great injustice to the owners of property to build such im-

provements under the special tax law .

The deplorable condition of property on Olive street be-

tween Eighteenth street and Grand avenue or Taylor avenue

is the best illustration and proof of the mistakes made.

In most European cities, the cost of streets and sewers

is paid by a bond issue and the owners of lots pay their

proportionate part of the cost as soon as they improve their

property, but no person is permitted to build large dwellings,

etc., except in districts provided with sewers, and I would

consider it a great benefit if the legislature of Missouri could

be induced to pass a law to prevent nuisances by providing

that not more than one dwelling can be erected on an acre

of land unless sewers, septic tanks or filter beds are pro-

vided.

The subject under consideration is so complicated and

requires such careful consideration that the short time al-

lotted to each speaker to-night is not sufficient to go into

further details and I therefore take the rest of the time al-

lotted to me to give my views on plans for the future de-

velopment of St. Louis.

River Terminals.

When I arrived in this city, sixty-one years ago, a line

of steamboats and barges, three abreast, were laying in the

harbor between Wash and Plum streets and the entire levee

for a width of about one hundred feet was covered every after-
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noon with goods to leave by boat at four o'clock. All

the goods being exposed to view, its vastness made a great

impression upon visitors.

The sloping wharf, 180 feet in width, extending from

high to low water, has rendered splendid service in our

early days, but it is almost useless at the present time and

rather impedes than facilitates commerce.

Lots along the levee, in the central part of the City, when

I came here, sold for over a thousand dollars per foot and

I do not think that they produce to-day one tenth of the

former income. As the property north of Franklin avenue

and south of Plum street sells at much higher prices than

the land in the central portion of St. Louis, it shows con-

clusively that we have not made proper use either of Front

street and the wharf nor of the abutting property. To pro-

cure river and railroad traffic, I beg leave to suggest the

condemnation of all property between Commercial alley and

Front street, between Biddle and Plum street, and its im-

provement by building a street at an elevation of about twelve

feet below the grade of Main street and from the western

line of Commercial alley eastwardly one hundred and fifty

feet and the building of a retaining wall along the river and

public warehouses, railroad yards, etc., extending from the

150 foot street eastwardly 150 feet to the retaining wall. I

think it necessary to condemn the lots between Front street

and Commercial alley in order to procure the unrestricted

use of Front street and the wharf and for the reason that

every foot of the property is required for the purposes men-
tioned.

As the Terminal Railroad has built an elevated track

along the levee, the City should assign to said company in

lieu thereof, a right of way in the center of the projected road

and build streets and tracks on each side thereof with switches

leading into the warehouses fronting on the river and into

the basements of the main street stores.

The improvement of the river and railroad terminals

would do as much for the building up of St. Louis, in my
opinion as the construction of the quays, docks and
harbor improvements of Liverpool and Hamburg did for

those two cities. The City of Liverpool was author-

ized under one Act of Parliament to issue bonds for
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thirty million pounds, or one hundred and fifty mil-

lion dollars, for the projected work and a tax was
levied on all goods shipped hy, way of Liverpool to cover the

interest and maintenance. The City then built the docks,

quays, warehouses and floating wharves used for the landing

of the passenger steamers on property covering over a thous-

sand acres and these splendid improvements brought the com-

merce of the world to Liverpool and after thirty years the

income derived therefrom had exceeded their expectations

to such an extent that new works were built out of the ac-

cumulations.

At the time Liverpool built these works, the commerce
of Hamburg was comparatively small, but its City govern-

ment followed the example of Liverpool and spent enormous

sums of money for not only building wharves, warehouses,

etc., in Hamburg, but they also dredged the River to Altona,

the estuary of the North Sea, built there immense warehouses

for the use of steamers drawing over thirty feet of water,

and established direct connections from Altona with all rail-

roads leading into the interior of Germany. For a long term

of years, the expenditure of Hamburg for harbor and river

improvements has been over seven million dollars a year and

the expenditure has made Hamburg, next to New York, the

greatest shipping center of the world.

The City of St. Louis, under its agreement with the Ter-

minal Railroad Association, has acquired the railroad built

by the Wiggins Ferry Company along the river front, extend-

ing from Arsenal street northwardly to Grand avenue and

connecting with the City's railroad at the Chain of Rocks,

and this road should, in my opinion, be extended southwardly

to the River Des Peres and then developed by building

switches wherever required leading to the factories, etc. The
City will then own a railroad eighteen miles in length, ex-

tending from the Chain of Rocks to the River Des Peres

and having acquired and developed it, at a trifling cost, the

City can offer to lease it to a railroad company under a con-

tract regulating charges at such a low figure that our mer-

chants and manufacturers can easily compete in the world's

markets and in less than thirty years this road will probably

be one of the most valuable roads per mile in this country

and would be the greatest factor in the development of the

commerce of St. Louis.
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The Manufacturing District.

After the railroad is established, the entire district be-

tween Fourth street and the river would probably be utilized

for the expansion of the manufacturing and wholesale busi-

ness and the City would then be justified in refusing the

erection of factories outside of said district or of other rail-

road zones.

While considering the treatment of the river front, I

wish to say that I consider the development of the property

on the Illinois side of paramount importance and that I con-

sider it a short-sighted policy to antagonize our neighbors

across the river.

St. Louis will never be a great City unless it makes proper

use of the river and of the land on both sides thereof. If you
examine the topography of large European cities, you will

find that London is divided by the Thames, Paris by the

Seine, Liverpool and Manchester by the Dempsey, Vienna
by the Danube and Berlin by the Spree, and in every instance

the manufacturers or the homes of their employees are on

one side of the river and the merchants and wealthy people

on the other.

The great advantage that East St. Louis has is cheap coal

and cheap land.

A manufacturer in St. Louis who requires a block of

ground with switching facilities will probably have to pay
one hundred thousand dollars for the ground, then he has

to erect a substantial shop in conformity with the rules and

regulations of the Building Commissioner, costing from fifty

to one hundred thousand dollars, and if he is successful he

needs more land for expansion ; after a term of years he may
have to abandon his place because he cannot purchase ad-

jacent property or vacate the adjacent streets. In East St.

Louis or its suburbs, a manufacturer can buy lands with

switching facilities at one or two thousand dollars per acre

;

he can therefore afford to buy a ten acre tract, build a shop

on an acre tract and enlarge from time to time ; and he can

obtain his fuel at a lower rate. It is, therefore, natural that

many manufacturers who require large tracts of land find it

to their interests to locate on the East Side, because the price

of lands in near-by districts is prohibitive in St. Louis. As
these men, however, do most of their banking and they and
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their employees make most of their purchases in St. Louis,

we should treat them well and encourage them in their under-

takings.

The ideal development of the river terminals should in-

clude the construction of perpendicular walls on both sides

of the river, with warehouses and factories built above high

water line and with basement floors beneath, to be used dur-

ing the low stages of the river, and the introduction and use

of a large number of small boats or barges to carry freight to

and from warehouses, factories and railroad terminals on both

sides of the river.

A Boulevard System.

As most of our boulevards or places in St. Louis have

been designed and built under my supervision, I naturally

take great interest in the problems under consideration and I

have made a careful study of European cities and boulevards.

Last year when your predecessors recommended the ordinance

for the Market street boulevard, I went before the Board,

asked them to reconsider their action and gave the following

reasons for my objections:

First, Market street is the first through street North of

the railroad yards and of a district covered with warehouses,

factories and of old dilapidated dwellings, occupied by a

poor class of laborers and, therefore, Market street, even if

widened into a boulevard, will remain a street for small

shops.

Second, the contemplated boulevard, 280 feet wide, is

entirely too wide for business purposes, because every close

observer must know that business shuns wide streets.

Third, as only a limited amount of business is done on

Chestnut street, Pine street and Olive street, between Eigh-

teenth street and Grand avenue, it cannot be expected that the

projected boulevard could be built up with business houses,

and as there is a tendency for investors to build apartment

houses in the outlying districts, it cannot be expected that

they will risk their money by building them on the projected

boulevard.

Fourth, as the old houses on both fronts of the projected

boulevard would remain standing and as most lots fronting

thereon are owned by men of limited means, very few prop-
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erty owners would venture to erect buildings suitable for a

pretentious boulevard.

Fifth, it being questionable whether or not the abutting

property would enhance in value by the construction of the

boulevard, and as everybody knows that its supporters con-

sidered its establishment a great benefit to the City at large,

the cost thereof should be borne' to a very large extent by
the City under a bond issue and no attempt should be made
to assess very large benefits on the property abutting or on

the near-by districts.

Many of the people who advocated the adoption of the

scheme had probably seen European boulevards, but I do
not think that they took into consideration the fact that over

half a million of the better class of people who frequent such

boulevards live within a mile thereof and that the govern-

ments of England. France, Germany and Austria have spent

millions and millions of dollars for the erection of palaces,

museums, etc., to make them attractive. As St. Louis is

not a seat of government and cannot induce the government

to erect monumental buildings, I would suggest advancing on

different lines.

The Xew Charter gives us the right of excess condemna-

tion and I would suggest making plans to proceed under those

provisions. Supposing your Honorable Body would recom-

mend the condemnation of 109 feet on each side of Pine street,

or of Olive street, between Twelfth street and Jefferson avenue

or Grand avenue, then the title to such strip of land, 308 feet

wide inclusive of Pine or Olive street and of both alleys, would
be vested in the City, and if you would further recommend
to set aside for Pine or Olive street, 108 feet through the

center, to lay out lots, seventy feet deep, on each side thereof

and a thirty foot street in the rear of the seventy foot lots,

then you have an opportunity to build an attractive street or

business boulevard. • Of course, your recommendation would

have to include the land from Eighteenth to Twentieth street

from the Union Station to the one hundred and eight foot

street. Such a plan would necessitate the acquisition and

removal of every building on the projected boulevard, the

construction of the streets at public expense and the holding

of the lots until they can be sold or be disposed of by long:
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leases. To insure favorable results, the lots must be sold under
restrictions and it might be found to be advisable to provide
that no building should be put up in excess of a certain heighth

of say four stories. For retail business, restaurants, hotels,

etc., property seventy feet in depth, extending from the boule-

vard to a thirty foot street, is ample and most desirable and
if no unsightly sky scrapers are permitted to be built, I

think that such a street would build up very rapidly and be

a great advertisement for St. Louis.

Every person who has knowledge of real estate values must

know that the lots on Pine and Olive streets, west of Twelfth

street, with the exception of the Eighteenth street district, are

of comparatively low value and that the property has no future

unless the old buildings are torn down and new uses are found

for the property.

If the City acquires the property by condemnation and

under bond issue, it can borrow the money at a very low rate

of interest, it has no taxes to pay and as the large number

of people whose lands are taken,, have to find other property,

the condemnation will cause property north and south of

the projected street to rise in value and the City becomes the

beneficiary by an increase of taxes.

I would like to speak to you concerning the establishment

of boulevards in the outlying districts, but the time allowed

does not permit me to do so.

The propositions submitted require very large sums of

money and in order to procure them, it will be necessary to

procure the passage of constitutional amendments. In order

to obtain favorable action by the Legislature, I would sug-

gest having complete estimates made of the probable cost

of all the work that you may conclude to recommend, with-

out pointing out which should be done first, and after the City

has been granted the right to issue bonds for any of the pur-

poses enumerated, then is the proper time to select such of

the projects as will be of the greatest benefit; to our City.

Twelve years ago, a commission consisting of George

Leighton, John D. Davis and myself were appointed to sub-

mit plans for the establishment of the Kingshighway boule-

vard. The report was favorably received, and about a mil-

lion dollars spent for its improvement, but the result has not
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been satisfactory, because the administration has been dilatory

in carrying it into effect, has made changes in the plans which

were ill advised, and because the proceedings for opening sev-

eral sections have been delayed by legal proceedings.

In order to see any of the above mentioned plans car-

ried out, we must have new laws made to force prompt

action by the Courts.

[Note.—Further discussion of this paper is invited, to be received by
Joseph W. Peters, 3817 Olive Street, St. Louis, for publication in a sub-
sequent number of the Journal.]



OBITUARY

Robert Lee Kneedler

Member of the Engineers' Club of St. Louis.

Robert Lee Kneedler, whose death at Collinsville, Illinois,

on the evening of September 30, due to electric shock,

was born in Collinsville, on June 9, 1867. His education

began when he was nine years of age in the country school

at Collinsville, which he attended until 1880. He then spent

four years in the high school at Collinsville and one year at

Smith Academy, in St. Louis, preparing for the university.

He entered Washington University in 1885 and took the five

year course in Mining Engineering, receiving the degree of

Mining Engineer in June, 1890.

After leaving the University he accepted the position of

Mining Engineer with the Sligo Iron Company whose mine

was located at Eden, Mo. Here he met and married Mary
Jane McGinnis. Shortly after his marriage he moved
back to Collinsville. For several years he was employed in

railroad work and as Chemist for the Collinsville Zinc Com-
pany. In 1902, he was made Mining Engineer for the Donk
Coal Company whose mines are located near Collinsville

and remained with that company until his death.

He is survived by his parents, three brothers and one

sister and his wife and six children.

Robert Lee Kneedler was a non-resident member of the

Engineers' Club of St. Louis and also was a member of sev-

eral fraternal organizations in his native town where he was
known to the entire community.

He was very frank and straightforward in his manner and

steady in his habits and enjoyed the confidence and respect of all

who knew him.

John J. Lighter.
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ASSOCIATION OF ENGINEERING SOCIETIES TO BE DISBANDED.
FINAL REPORT OF THE CHAIRMAN.

During the year 1915 the Journal was issued regularly

each month, except during July, when none was issued on ac-

count of a lack of material. The numbers compared favorably

with those of recent years. Forty papers and reports were

published, covering 540 pages, as compared with 36 papers

and reports last year, covering 640 pages. These figures do

not include the Proceedings, which are paged separately.

Zinc plates and half-tones were freely used, the same as last

year. Considering the reduced number of Societies in the As-

sociation, it is believed that the showing made by those re-

maining is very creditable.

When the Engineers' Club of St. Louis took charge of the

publication of the Journal two years ago, the outlook for the

Association was far from encouraging. The Boston Society

of Civil Engineers had given notice of its intention to with-

draw from the Association on December 31, 1913, and the De-

troit and Oregon Societies of their intention to withdraw on

March 31, 1914. The Utah Society had also voted in favor of

withdrawing, but left the matter in the hands of a committee

with power to act. It was hoped that the Societies of De-

troit, Oregon and Utah might be prevailed upon to reconsider

the matter and remain in the Association. In the case of Ore-

gon and Utah our hopes were realized, but Detroit withdrew

on March 31, 1914, as had been announced.

It was also hoped that by an energetic campaign of letter

1P5
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writing new societies might be drawn into the Association to

replete the severe losses occasioned by the withdrawal of the

Boston Society with nearly 900 members and the Detroit So-

ciety with nearly 300 members. Here again we were destined

to be disappointed. Encouraging letters were received from

the officers and members of a number of societies, but when a

vote was taken on the matter the motion was invariably lost.

The inducements to join an organization which was apparent-

ly on the decline were not sufficient to overcome the inertia of

the average engineering society.

On December 31, 1914, the Technical Society of the Pa-

cific Coast became defunct and the Louisiana and Utah So-

cieties withdrew to publish journals of their own. Corre-

spondence with other societies which it was thought might

be induced to join the Association was continued during the

year 1915, but the results were barren, the number of pros-

pects constantly dwindled, and during the last few months
practically nothing has been done along this line. The Mon-
tana Society of Engineers withdrew on September 30, 1915,

owing to the desire of a majority of its members to publish a

journal of its own. During the last three months of the year

the Association has therefore consisted of only three societies,

viz., St. Louis, St. Paul and Oregon. The number of sub-

scribers at present is approximately as follows

:

St. Louis 415

St. Paul r
77

Oregon ~~ 93

Independent — 139

- 724

Realizing that there was also considerable sentiment in

these three societies toward withdrawing from the Association,

the Chairman wrote to the officers of each society early in No-

vember making inquiries along these lines. The reply from

the St. Paul Society stated that that society had already de-

cided to withdraw at the end of the year. The Oregon and

St. Louis Societies then took up the matter and decided to

do likewise. All three societies agreed to the suggestion of

the Chairman that the funds remaining on hand at the close

of the year be divided pro rata according to the number of

subscribers in each societv. The bank balance, which amount-
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ed to about $720, at the beginning of the year will probably

be reduced to less than half of that amount after all obliga-

tions are paid.

The Journal of the Association of Engineering Societies,

which was started in November, 1881, and which has been

published continuously for more than 34 years, will cease with

this issue. The primary object of the Journal was to furnish

a medium for the joint publication of papers and proceedings

of the associated societies. In this it has been eminently suc-

cessful. It has been an important factor in maintaining high

standards of professional thought and work. In affording

to its members a ready means for the interchange of profes-

sional experience, practice and views, it has been of great in-*

terest and immeasurable value and in that way has been of

greater and broader influence than the proceedings or actions

of any one of its component societies could have been.

The disintegration and final dissolution of the Association

is due primarily to the ambition of almost every society to

publish a journal of its own. This is founded on sentiment

rather than on logic, but it is a condition and not a theory, and

it is useless now to discuss it. One society after another, as

it considered itself strong enough to maintain a separate

journal, withdrew from the Association, until finally the few

who still believe in the principles of co-operation decided to

give up the fight and yield to the popular clamor. The last

three societies will now publish separate journals and place on

the shoulders of the advertisers the responsibility for making

up the financial deficit.

The December number is the 409th issue of the Journal

and completes the 55th volume. Hundreds of libraries, so-

cieties, and individuals throughout the world have complete

files bound for reference. Hundreds of others have files cov-

ering the time of their affiliation with the Association. Thou-

sands of the leading engineers of the country, those who have

wrought and written, have contributed papers of great inter-

est and permanent value. The files of the Journal will be

consulted for reference as long as libraries are maintained and

engineers read and study.

It is with feelings of sincere regret that we close the final

editorial and say "Farewell and Good-Bye."

John W. Woermann, Chairman.
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By Hillis F. Hackedorn.*

[Read before the Engineers' Club of St. Louis and Associated Engineer-
ing- Societies of St. Louis, December 1, 1915.]

It is difficult for me to express to you my full appreciation

of the honor you have conferred upon me in inviting me here

as your principal speaker for this meeting and I have serious

doubts about my ability to measure up to the standards heretofore

set by speakers before your organizations, but I will endeavor

to give you some food for thought.

Of course you will realize that my viewpoint is bound to be

that of the contractor, and my discussion of the subject Equitable

Specifications and Contracts, will be entirely from that angle.

I hope, however, that I may be able to treat the subject with fair-

ness to the engineer as well as without prejudice to either.

It is indeed gratifying to witness the co-operation evidenced

by the close fellowship so apparent in this organization composed

of representatives of all of the engineering professions as well

as representatives of those in the trenches—the contractors who
bring to fruition the ideals and ideas of the engineers. It is a

condition that should bring about a better understanding between

the man who designs and the man who executes, which surely

makes for better results in every way for the engineer, for the

contractor and for the owner—the man who "pays the freight."

The St. L/Ouis Branch of the American Society of Engineering

Contractors, the National organization of which I have the

honor to be president, has shown remarkable growth and pros-

perity. It is the prize branch of our national organization and

we are indeed proud of it. Its members have demonstrated what

can be done locally for the contractor and engineer by concerted,

harmonious action, and we regret that we have not similarly

successful branches in all of the principal cities of the country.

I can see great possibilities in the broadening and developing

of the harmonious condition that exists here in your Engineers'

Club and Associated Engineering Societies. Many of the wor-

ries and troubles of the engineer, as well as a majority of the

misunderstandings between engineers and contractors, should be

almost entirely eliminated by this close organization, looking

President of the American Society of Engineering Contractors and
President of the Hackedorn Contracting Co., Indianapolis, Ind.
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to the interest not only of the engineer and contractor but also

to the interest of the employer, the man who by his financial

ability enables the engineer and contractor to keep busy. I do not

know of another city in the United States where there seems

to be the harmony of action that is so evidently present in your

combined organizations here, and I trust that its example may
be a directing force in the organization of many more such com-

binations.

The American Society of Engineering Contractors, ever since

its organization in 1909, has had a number of ideals to which

it has clung tenaciously. Of course, we realize that some of these

ideals will probably never be realized within the life of the

present generation, because they seem to be so far away from

current practices, customs and beliefs. But there is one of our

ideals which we of the present generation sincerely hope may
be realized in all parts of the United States, and that is the idea

of equitable specifications and contracts ; specifications that are

written fully and completely describing the work down to the

minutest detail, eliminating all guesswork and conveying to the

contractor completely the ideas of the engineer; describing fully

what work he expects to do. how he expects to do it, sequence

of the performance and the results he expects to obtain, leaving

nothing for future argument, nothing for guesswork and nothing

which may cause the contractor's scalp to be left dangling at the

belt of the owner or engineer after the work is executed.

In reading over many specifications and contracts, it more

than frequently occurs to me that the engineer who has written

them seems to take the position that the contractor is bound to be

a crook, ever ready to take advantage of the slightest point to

put one over the engineer and owner. I want to go on record

here and now with the statement that all contractors are not

crooks, and it has been my pleasure during my experience of

almost twenty years in the construction of reinforced concrete

bridges, to meet a number of gentlemen in the contracting game,

whose ideals and aims were as high and honorable as in any

other industry, occupation, business or profession ; likewise have

I met contractors whose knowledge of the contracting business,

and incidentally of the engineering profession, has been as broad,

liberal and authentic as any engineer I have ever known, which

leads me to believe that the engineering profession has no monopo-

ly on knowledge and virtue.
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The correction of the belief in the minds of college professors

that contractors are all crooks, will go far toward eliminating

that fallacy. Ninety per cent of these learned gentlemen in lectur-

ing to their classes, teach and preach, continuously and repeatedly

this sophistry. Of course, we must admit that there are in the

ranks of the contractors some whose ideas of right and wrong

are considerably stunted, but I do not believe that such men are

as frequent as the college professors delight in preaching. This

sort of teaching sends the young graduate out of the engineering

schools with a narrow, suspicious viewpoint on life which is

bound to handicap him, until he learns by experience that there

are honest contractors as well as honest bankers, and if this

error could be corrected, it would go a long ways towards bring-

ing about a better mutual feeling between the engineer and the

contractor. The ideal condition would be for the engineer and

contractor to work earnestly and honestly to the common end

of producing the very highest class of work at the lowest cost,

including a reasonable profit for the contractor. This condition,

of course, would eliminate all wrangling and misunderstanding

between the engineer and contractor and would produce much
more satisfactory results in every way for the owner.

One of the greatest impositions that is ever placed on the

contractor is by the engineer whose specifications fairly teem

with the expression "to the satisfaction of the engineer." This

very-much-abused, never-understood, and impossible-to-forecast

expression is about as serious a handicap as can be hung onto a

contractor who is making up an estimate of cost on any type of

construction. It leaves such a wide field for guesswork, it

opens up such a broad avenue of opportunity for the engineer or

inspector to "get even" with the contractor for some fancied

or real grievance. It is something against which a contractor

has no opportunity whatever to guard or protect himself, know-

ing as he does when he reads it, that nobody except God can

tell what will satisfy the engineer, and the average contractor, not

being on sufficiently intimate terms with the Deity to get any

advance tips, must either guess at what will satisfy the engineer

or trust to luck. I have seen many contractors practically ruined

in an effort to satisfy an engineer who was unreasonable, but

who nevertheless was backed by brass bound specifications con-

taining this damnable clause.

This phrase impresses the contractor as an evidence of either
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lack of knowledge on the part of the engineer or laziness in

preparation of the specifications, and in many instances the con-

tractor views these clauses in the light of a club to be held over

his head during the construction of the work. They impress him

with the belief that the engineer thinks he wants certain things

done but if the contractor learns during construction that the

engineer wants something else done, the contractor must be the

goat and pay for the change. The engineer should be sufficiently

advised and have sufficient knowledge of all conditions surround-

ing the work to enable him to make up a correct detailed guaran-

teed design and estimate. He should have the nerve to stand

pat on his estimate and likewise should not expect the contractor

to make good the cost of any mistake he may make in the prepara-

tion of plans and specifications, neither should the contractor be

put to the expense of thoroughly checking the engineer's esti-

mates, and all engineering and contractors' organizations should

join in an effort to educate specification writers to a proper con-

ception of what is fair and equitable to owners, engineers and

contractors.

In Great Britain carefully prepared schedules as to quantities

are submitted to the contractor. These quantities are guaranteed,

and in case of error, the contractor has a ground of action against

the quantity surveyor if his bill of quantities is wrong. This

method enables the contractor to estimate much more closely as to

the cost of the work than under customs in this country, where

all estimates of quantities are frankly labeled as guesses, and

the engineer dodges all responsibility by stating that the con-

tractor must assume all the hazard as to errors in such estimates.

Of course, the contractor under these conditions, must charge

for an element of chance which should not enter into the proposi-

tion. The engineer should make his estimates carefully and

thoroughly and be ready to stand behind them in case of error.

I know of but one bridge engineer who guarantees his quantity

estimates and as a result bidders can make much closer estimates,

knowing as they do, that he will stand responsible for any errors

in his quantity statements.

An unfair engineering practice frequently resorted to in the

writing of specifications is to require the contractor to prepare

the detailed working drawings for the job, including:, for rein-

forced concrete, bending diagrams and special details as to con-

nections of reinforcement, thereby making it necessary for the
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contractor to maintain a much more extensive engineering and
drafting department than would be otherwise required if the

engineer did his full duty, preparing all detail plans and working
drawings so that there would be no question in the contractor's

mind, when he bid on the work, exactly how the work was to

be executed to the most minute detail. In addition to this, some
specifications require that the contractor "having checked the

plans shall be responsible for the correctness of all drawings, as

to dimensions, elevations and mutual corelation of various parts,"

thereby making the contractor absolutely responsible for the cor-

rectness of the engineer's design and drawings, and in case of an

error, the expense of correction is unfairly placed on the con-

tractor. The contractor is allowed no extra allowance for pre-

paring these drawings, but must do it at his own expense and

deduct it from his estimated profits, when it should be taken from

the engineer's fee. Many engineers even require that the con-

tractor furnish several sets of cloth mounted drawings, and as

many sets of paper blue print copies as the purchaser and

engineer may desire. This might result in an almost unlimited

abuse, and while it is a small item on a large job, it would be one

of the mice that eats away the substance of the contractor's

estimated profit.

Our position in the matter of detailed specifications is that

we know of no legitimate reason why the contractor should not

have full detailed information as to what will be required in the

execution of a given contract before the contract is signed, rather

than make haphazard guesses on small scale drawings and in-

definite specifications frequently lacking in vital information.

If detailed drawings have not been completed before the date

upon which bids are requested, the date should be postponed

to give the engineer an opportunity to prepare complete working

drawings. It takes no longer to study the details of a structure

before the contract is executed than after, and a careful prepara-

tion of detailed drawings and the writing of complete specifica-

tions, would frequently result in saving of cost to the owner

because of the necessity of the contractor to add a certain per

cent to cover the uncertainties of plans and specifications.

Another question in which many engineers err in judgment, is

in specifying a short time for completion and requiring the

starting of work immediately upon the awarding of contract. A
short limit reduces competition because it admits only the con-
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tractor who is fully equipped and ready to begin immediate work,

and where a short time limit is provided, the engineer should in-

clude a certain compensation to cover the cost of night work
necessary on the part of the contractor in order to complete the

work within the time set. It has been our experience that where

the engineer co-operates with the contractor, the quality of work

is very much improved, resulting in a great benefit to the owner.

Of course, if the contractor knows that the engineer is disposed

to treat him fairly and not impose unnecessary hardships upon

him, he will in return for this confidence, exert every effort to

give the owner the benefit of his experience in producing the

highest class of results. If the engineers will write their speci-

fications with the most complete details, setting out definitely

in every paragraph what is expected, how it is expected to be

done, avoid all reference "to the satisfaction of the engineer," then

when the contract is commenced the contractor understands the

case, what he is expected to produce for the compensation

promised him, and there is no argument, no quibbling and no

trouble. An owner gets a high class piece of work, the con-

tractor gets paid for doing it and the engineer reaps the credit

for the design. The classification of excavation materials is one

that has probably caused as many controversies as any other

single item in an engineer's specifications, and this point should

be fully covered in all specifications so as to entirely eliminate

the necessity for guessing at information which the engineer

himself might supply, and it would be far better for the owner

if more frequently some preliminary money was spent in test

pits and borings to ascertain the character of the soil to be en-

countered in excavation.

One of the most dangerous conditions in the great major-

ity of specifications is the clause providing that the engineer

shall be the final judge as to the interpretation of the specifica-

tions. The lawyer would call this ex parte, for the reason that

the engineer is in the employ of the owner, and his judgment

is bound to be biased toward that side. Of course, I realize that

the engineering profession takes the high and loftv position that

his judgment will be fair to both contractor and owner, that

he is, like Caesar's wife, above reproach, and that the contractor

should have faith enough in him to believe that the engineer will

give him a square deal ; and unfortunately the ranks of the con-

tractors contain many poor boobs who still believe that is true.
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Investigation and inquiry among hundreds of contractors has

convinced me that this presumed fairness and equity on the part

of the engineer is the exception and not the rule.

One manifestly unfair condition in many specifications is that

of giving the engineers the right to make minor changes in the

plans, without extra compensation to the contractor, unless "in

the opinion of the engineer" he is entitled to such extra compensa-

tion, the amount of any such extra compensation to be deter-

mined solely by the engineer. This condition leaves a very large

opening and opportunity for the engineer to abuse his authority

over a contractor whom he does not like, or seriously cripple

him, when the wrong man, in the opinion of the engineer, has

landed the job.

One of the ideals of the American Society of Engineering

Contractors is that the specifications should provide in the event

of any disagreement between the contractor and engineer, re-

garding the reading of the plans or the interpretation of the

specifications, the quality of the work, the justice of any claim

for extras, or any other controversy arising out of the con-

tract or the specifications, that such question shall be submitted

to arbitration—the engineer and owner on the one side and the

contractor on the other, being bound beyond appeal, to the de-

cision of the arbitrators. In our opinion, this removes the danger

of the contractor being injured by the decision of the engineer,

or the owner being defrauded by any unfair work of the con-

tractor. It would mean the elimination of controversies between

engineer and contractor and place their relations on the broad

peace basis of arbitration, that is bound to be a controlling spirit

in future times, which we trust are not far distant.

One of the greatest injustices in my mind, which enters into

nearly all specifications, is the clause requiring the contractor to

"indemnify, keep and save harmless the owner and engineer from

all liabilities, judgments or costs and expenses which may in

any wise come against the owner or engineer on account of any

infringement of any patent on the use of any design, material,

machinery, device or apparatus used in the performance of the

contract." In other words, the engineer goes along, prepares

his design, specifies his materials and method of construction

and puts the responsibility on the contractor for ascertaining

whether or not there are any patents on the type of design, or

material used or on the method of construction. It seems to



EQUITABLE SPECIFICATIONS AND CONTRACTS. 205

me that this is part of the duty of the engineer, and that in

making his design he should ascertain beyond the possibility of

a doubt whether or not- his design infringes any of the many
patents -which have been granted by the Patent Office at Wash-
ington, and in case he cannot make a design without infringing

a patent, he should either notify all bidders of the existence

of such patent, and the fact that his design infringes, or he

should obtain from the owner of the patent the right to use

it for a specific price on the work. It is entirely unfair to

shoulder this responsibility and liability on the contractor, in ad-

dition to the many other troubles which he has to guard against

in executing the contract. Of course, it would mean that the

engineers would have to inform themselves quite extensively as

to existing patents, but we as contractors believe that is part

of the duty included in the engineering service for which he

receives pay.

Another inequity is that of giving the engineer the right to

direct the sequence of the work and issue orders as to the man-

ner and time in which the various parts of the work shall be

done, and the force required to complete it within the time

specified. I believe I can state, without fear of contradiction,

that no two contractors would handle the same job in the same

manner and sequence. It is customary in making up estimates,

to carefully plan the manner and sequence of the construction,

and if the contractor is not permitted to follow his own meth-

ods, it frequently results in turning a contract, that would other-

wise be profitable, into one that results in a loss to the contractor.

The contractor is the man who pays the bills, who furnishes

the surety bond guaranteeing the construction according to plans

and specifications, and in a given time, and in my opinion, he

should not be hindered or hampered by the opinions or ideas of

the engineer, who in most instances has not had a hundredth

part of the experience, in actual construction of the type of work
covered by the contract, that the contractor has enjoyed or

"suffered."

The experience of many contractors has demonstrated that

many of the engineering profession are guessers on cost con-

struction with no actual experience to guide them. Of course,

we as contractors do not charge the engineering profession with

doing this guessing on cost with any malicious intent to injure

a contractor, but the result is the same. If an engineer, having
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a lack of actual knowledge as to the cost of the various elements

making up the construction of a given piece of work, relies on a

rough guess, it is bound to bring grief to the contractor, either

in the way of blaming him for charging exorbitant prices for

the work, or if, as is frequently the case, the contractor has had

no personal experience in the cost of this element and uses as

a basis for bidding, the engineer's guess, he is bound to get stung.

As an illustration of this disposition of engineers to guess, our

Company made preliminary estimates on the construction of a

bridge last year for which an appropriation of $50,000 had been

made. The engineer who prepared the plans advised the com-

missioner that the bridge could be built with a contractor's profit

of 15 per cent for $45,000. In making up our estimate we
reached the result that the bridge would cost, without profit,

$49,000. Being very friendly with the engineer, we asked him

how he arrived at his estimate of cost, and sat down with him

to make up what he considered a fair estimate. Each element

of cost we took up with him and accepted his figures as to

the cost of the principal component parts. When we had fin-

ished with his elements we called his attention to the fact that

he had not included in his estimate of cost anything whatever

for hardware, nails and wire, for conduits and wiring, for re-

moval of centering and forms, for employers and public liability

insurance, for surface finish, fuel and oil, traveling expenses or

for moving plant. Of course, it was no trouble to convince him

that these expenses were bound to be incurred in constructing

the work, and when we had added to his figures as developed by

this conference, his ideas of the other elements, his cost estimate

ran $3,000 higher than our own, and $2,000 higher than the

amount appropriated for the job, with no allowance whatever

for profit. When the total was shown him, his reply was : "Well,

I know the bridge can be' built for $45,000, including a liberal

profit for the contractor." In other words showing the

actual figures had no effect whatever on this engineer's

superior knowledge ; he simply reiterated his original charge

and, let it go at that, and this engineer enjoys a .good reputa-

tion as a competent bridge designer in the locality where he

practices. Incidentally, I might add, the contract was let

!for. $47,0.00 and the contractor dropped $6,000 of his own good

money in executing the job.

•Many engineers who use some .of the old text books on
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estimating and cost data, do not seem to realize that the

world moves rapidly and that improvements in construction

have gone along hand-in-hand with improvements in other

lines of business. A notable example of this is the great

change in the writing of specifications as to dry and wet

concrete. It has not been long since concrete specifications

would provide how the concrete should be tamped in place

in layers, and all that sort of thing, which is at the present

time almost a forgotten condition except in pavement founda-

tion. In like manner, there have been many improvements

and changes in the methods of building coffer-dams, making

excavations, placing reinforcing steel and building forms.

Xotable among the improvements in concrete placing is the

use of the pneumatic process whereby the aggregate is mixed

and shot into place without being touched by hand, a process

that is bound to revolutionize the mixing and placing of con-

crete in certain types of construction. I speak advisedly along

this line, for the reason that our Company placed thousands

of yards of concrete in bridge construction during the last

year entirely by compressed air, and in some types of con-

struction, with approved aggregate, the cost of placing con-

crete by this method shows a phenomenally low figure.

Many contractors hesitate, and some even refuse, to furnish

engineers any details as to actual cost data, which in my
opinion, is more injurious to contractors than to the en-

gineers. If contractors would supply the engineering pro-

fession with actual experience data, I have no doubt the

engineers would be glad to use it in making future estimates,

but it is doubtful if the contractors as a class can be con-

vinced that this method would correct frequent carelessness

and loose methods in making up estimates by engineers.

Another practice followed by some engineers is the trim-

ming and pruning of monthly estimates for payment. As a

general proposition the engineer or inspector directly in

charge of the job, who is frequently a young man, will make a

decided practice of underestimating work actually done, refuse

to include in his estimate many items which, in equity, a con-
tractor should be allowed, and them after taking off the per-

centage held back as provided by the contract, a contractor gets
in reality 50 or 60 per cent of his work actually done where he
should get 80 or 90 per cent. Of course, this has no bearing
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on the engineer's ability, but it frequently embarrasses the con-

tractor in financing big jobs. We all know the average con-

tractor will take on work in excess of what he really should un-

dertake with a fair and reasonable consideration of his financial

ability, which frequently makes it necessary for him to watch

every corner, and make many twists and turns in a financial way

to meet his payrolls and material bills. This is chargeable in

most instances to ambition and an eagerness to make money,

but when this condition is evident, and on top of this, the en-

gineer trims his estimate approximately 20 or 30 per cent be-

low what the contractor is entitled to receive and has reason-

ably expected, it very often gets him between the millstones of

the banks, which proverbially grind slowly but they grind ex-

ceeding fine. An important point in the preparation of estimates

for pay, which I believe contractors will bear me out in, is that

engineers should make an allowance for material on the ground

ready to be worked up, a sum covering forms and preliminary

work, and in some instances a sum approximating the cost of

new equipment that is to be bought to handle the especial job.

Of course, I realize that the engineer will say that many con-

tractors will be unreasonable in these claims, but if the en-

gineers would show a* disposition to help the contractor along

these lines, I believe that 90 per cent of the contractors would

be disposed to strain points in favor of the engineer and owner,

and give them a higher type of construction. It would be noth-

ing more than an appreciation of a favor extended, and along

this line, we are all human and willing to show our apprecia-

tion of any such help.

The business relations between the contractor and the en-

gineer are little understood by the public at large. We fre-

quently hear a contractor on public work condemned for failures

in bridges, roads or pavements, when he was entirely innocent,

having built the work in strict accordance with specifications fur-

nished, yet the general public makes him the goat, and the en-

gineer, who has prepared faulty specifications, goes "Scot free."

Of course, the engineer may take the high position that if the

contractor does not like his specifications, he need not bid on

the work, but this is not only unfair to the contractor but also

to the owner, because it reduces competition by eliminating in-

telligent and responsible contractors. Some contractors go so

far as to refuse to bid on work where the specifications are not
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fair and completely detailed, but where a contractor has a large

organization with a certain amount of overhead expense, he is,

of course, anxious to make as good a showing on the capital

invested as he can, hence by passing up unfair specifications,

many pieces of work which he could do at a profit under fair

specifications, are lost. We, as contractors, realize that one of the

most difficult problems confronting an engineer is the prepara-

tion of his specifications, in making them rigid enough to control

the bad contractor and at the same time work no hardship on the

contractor who is honest and sincere in his work.

A prominent engineer, in a paper recently read, refers to the

personality of the engineer as probably the most important factor

in the relations between engineer and contractor, stating that

some engineers have a notoriously bad name and do not seem

to appreciate the responsibility of the honorable position they

occupy. If the contract is used merely as a legal document to

hold over the contractor's head as a club and unnecessary har-

assing and vexatious conditions insisted on, trouble will surely

follow. The wise engineer knows that many contract condi-

tions can be ignored without any harm being done, and that

many facilities can be given the contractor to help expedite the

work. We believe that the contractors as a body will not take

unfair advantage of these concessions, but in their turn, will

go out of their way even at extra expense, to meet some special

request of the engineer, playing the game of give and take in a

reasonable way without expecting extra pay for every trifling

piece of work, thus bringing about a great improvement in the

relations between engineer and contractor and eliminating many
of the disputes which at present are too frequent.

The Xational Association of Builders Exchanges, of which

Mr. H. L. Lewman of Louisville, Ky., is the president, in coi>

junction with the American Institute of Architects, has been

working for a number of years to secure standard specifica-

tions and contracts for the use of builders. Their effort has been

"To accurately define and standardize, wherever

practicable, plans and specifications in order to elim-

inate unnecessary hazards and uncertainties in con-

struction contracts

;

To reduce the cost of improvement to the owner

;

To give the contractors and surety companies a

proper understanding of the obligations they assume.



210 EQUITABLY SPECIFICATIONS AND CONTRACTS.

To establish contracting and suretyship on a more
stable and definite basis

;

To provide for the settlement of differences by some
equitably constituted authority

;

To establish building contracts on such a basis

that banks and commercial institutions may intel-

ligently determine the amount of credit to be extended

to owners and contractors, and to eliminate the present

uncertain conditions of credit based on such contracts."

How well they have accomplished this work is evidenced

by ''The Standard Documents of the American Institute of

Architects in collaboration with the National Association of

Builders Exchanges." These documents define the duty, scope

and power of the architect, the duty of the contractors, the

scope and limit of arbitration, the rights of sub-contractors

and a carefully prepared, detailed article entitled "Advice to

Contractors" by Mr. William B. King, general counsel to the

National x\ssociation of Builders Exchanges. The specifica-

tions and contract forms have been so carefully prepared and

revised that it is difficult to find any point wherein there can

be criticism. Their theory is to insist upon the use of the

principle of arbitration on every possible question that can

be settled without resort to the courts. But the greatest les-

son to be derived from this joint work of these two great

national organizations is the benefits and justice that are

sure to accrue as a result of the joint organization, co-opera-

tion and close affiliation. The result has been to increase

the membership of the National Association of Builders Ex-

changes more than double during the year of 1913, which

number .was doubled in 1914 and almost doubled so far in

1915, making this organization now one of the largest and

most powerful commercial organizations in the United States,

representing as it does, the broad field of building construc-

tion, which judged on a financial basis, is probably the largest

branch of commerce in this country. If it were possible to

bring about such close relations and affiliations between the

various national engineering societies, and all of the national

contractors organizations, it would be a result which would

be beneficial to all engineers and contractors and almost en-

tirely eliminate losses caused by misunderstandings of con-
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tracts and specifications. Such a uniform action could bring

about an adoption of standard specifications and contract

based upon equity, intelligence and fair dealing, ever guarded

by the idea of arbitration. It is my fondest hope as the

executive head of the American Society of Engineering Con-

tractors, that the day is not far distant when all of the

National, State and local organizations of Engineers and

Contractors may be brought into such close relationship and

co-operation that equitable specifications and contracts will

be the rule instead of the exception, resulting in standard

forms that will not only represent fully the engineer's ideas

but will be fair to the contractor and economical to the

owner. I cannot imagine a better declaration of principles and

creed than that of the International Rotary Clubs, and if we
can get together under some such banner, we can exemplify to

the letter the motto of that magnificent organization
—"He

profits most who serves best."

DISCUSSION.

Mr. C. E. Smith. Mr. Hackedorn's paper presents to en-

gineers and architects, in a very illuminating and enlightening

way, a matter that has been discussed from time immemorial and

if the matter had been presented earlier and more often along the

lines discussed by Mr. Hackedorn, and if engineers and architects

had profited by the suggestions and suggestive criticisms con-

tained in his paper to the extent that they deserve, there would

be less discussion of the matter to-day.

Specifications too often cover up, by general sweeping re-

quirements, the lack of information or inexperience of the writer,

and as a result the contractor finds it necessary to provide for the

element of "ignorance," by adding a substantial percentage to his

bid to provide for the unseen.

There is no reason whatever why specifications should con-

tain such general clauses, nor why there should be the least par-

ticle of indefiniteness in the specifications. If there is work to

be done, that is not thoroughly understood by the engineer, it

would be far better to omit it entirely from the specifications and

give the actual cost of performing the work, plus a reasonable

percentage, when the work becomes necessary, as that would be

far preferable to having the contractor guess at what might

arise, and in most cases add to the bid a larger amount than

would otherwise be paid. There seems to be a general impression
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among engineers and owners, that payment for extra work repre-

sents, a loss to the owner to which the contractor is not entitled

but which he forces through his interpretation of the specifica-

tions.

If the specifications be made so clear and positive, that there

is no doubt whatever in the minds of the engineer, or architect

or contractor, as to every detail of the work to be performed, the

contractor will prepare a close bid on a thorough understanding

of the requirements. If contingencies later arise that require

additional work to be performed, or if work that has been over-

looked and not included in the specifications comes to hand, the

payment of actual cost, plus a reasonable percentage for such

work, will usually entail the payment of no more money than

would have been included in the bid of the contractor, had extra

work been required, and provided for in the original specifica-

tions on which he bid.

It is, of course, preferable to avoid such extras by preparing

plans and specifications complete in every detail, but conditions

frequently prevent this being done. These conditions are, lack

of time, neglect of owner, engineer or architect, to make expendi-

tures sufficiently large to cover the cost of complete preparation

of such plans and specifications, or the ignorance and inexpe-

rience of architect and engineer.

Conditions embarrassing to the engineer or architect some-

times arise through underestimating and later omitting from the

plans and specifications essential features of work; thus work

is frequently awarded under a bid which appears sufficiently

large to complete the work within the estimate, but the extra cost

of providing for the omission soon makes it evident that the ac-

tual cost of the work, if extras be awarded, will far exceed the

estimate. Under such conditions the engineer or architect is

placed between two horns of a dilemma. He must either explain

to his client that his estimate was too low and that the bid did

not cover the entire work on account of omission from the plans

and specifications, or he must endeavor to compel the contractor

to carry out the extra work under his original bid. Unfortunate-

ly, the latter course is frequently chosen, and a practical ad-

mission that engineers and architects deliberately intend to take

such a course is contained in the wording of many obscure re-

quirements and specifications. Only too often it is possible for

an engineer to turn down claims of a contractor for extra work
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honestly performed that was not contemplated by the contractor

when he prepared his bid; in such cases obscure clauses in the

specifications frequently make it impossible for him to recover

his just dues.

Under the above conditions, it is not to be supposed contrac-

tors will always accept the letter of the specifications in bidding

on such obscure clauses, and in figuring
-

, frequently discounts the

binding effect of the clauses, assuming that extras may be easily

collected.

A standard clause in the specifications of a large railroad

company, with which I was connected, required that the con-

tractor take the work on his own knowledge of local conditions,

and not based on the information furnished him by the railroad.

Frequently the conditions encountered were very materially dif-

ferent from those contemplated, but the time between the request

for bids and the opening of the bids, would not have been suffi-

cient for the contractor to have informed himself. Manifestly

the company should have spent sufficient for engineering to have

made the necessary investigations, so that all the bidders would

understand the situation alike. Regardless of that provision,

however, contractors repeatedly presented extras when different

conditions were encountered, and no doubt could have enforced

their claims for extra payment on that account, but on account

of the wording of the specifications, which formed part of the

contract, the engineers found it difficult to make the proper ad-

justments.

Mr. Hackedorn suggests a proper remedy, or rather a pre-

ventive, in recommending that more complete plans and specifi-

cations be provided, in order that bidders may be relieved of any

doubts and uncertainties, and if this advice be followed, I am
sure there would be less confusion and disagreement in these

matters.

Mr. F. C. Woermann. There is a great quantity of food for

thought in Mr. Hackedorn's paper and I trust it will induce some

of our engineers, architects and contractors to give these matters

serious attention.

To obtain the best results, it is essential to have a competent

engineer, architect or superintendent representing the owner, and

it is no less essential to have a competent contractor doing the

work. With this combination the work will be executed quickly

and economically, and the great majority of the owners will be
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satisfied with the result. There are, as we all know, some owners

who cannot be satisfied, but they are only a small minority. Com-
petent men will work in accord, each doing his duty and not in-

terfering with the duties of the others. If, however, one or more
of the parties are incompetent there is apt to be unnecessary

trouble and expense.

A great deal of worry, expense, and poor work would be

avoided if the contractor received a reasonable price for his

work, and the majority of owners would be willing to pay this

price if it was presented in the proper light by the engineers

and architects in charge of the design. It seems to be cus-

tomary for engineers and architects to greatly underestimate

the cost of their designs and as a result a large percentage of

the work is not built as designed on account of the proposals

being higher than the original estimate. If the work does go

forward, it is generally on the basis of a redesign and after

it has been refigured by the contractors. The redesign and

refiguring naturally add an additional expense to both the

designer and the contractor, and often in the case of the con-

tractor at least, it costs as much to make a new estimate as

it did to prepare the first one. This expense could often be

avoided if more study was given to the first design, and if the

owner was given an intelligent idea of the cost of the work.

I wish to call your attention to one other matter which

is not fair to the contractor, and which has caused a great

deal of ill feeling and dissatisfaction in the past. I refer to

the manner of opening bids in private. There is no good

excuse for this practise, and if it is intended to let the work

to the lowest responsible bidder, there is no reason why all

contractors interested should not be invited to the opening.

If one or more of the contractors are not responsible, they

should not be allowed to bid. The time to eliminate them is

before they have spent their time and money making an

estimate.

It is not necessary to award the contract to the lowest bid-

der, but if the owner thinks one contractor will give him

better service than another he should be willing to pay the

difference in the amounts of the proposals, in order to get the

result desired.

It should always be remembered that a favored contractor

who knows he will be given an opportunity to meet his com-
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petitor's figure will seldom give his lowest estimate the first

time. If he did there would be a possibility that he would be

the low bidder and be given the contract at his figure and the

advantage of meeting his competitor's price would be lost.

I believe that in most cases where there is a favorite con-

tractor, the owner pays more for his job than he would if only

responsible contractors were invited to bid and the contract

was awarded to the lowest bidder at a public opening.

Mr. D. H. Kremer. Mr. Hackedorn covered the subject of

"Equitable Specifications and Contracts" forcefully and frankly.

He refers to the harmonious conditions existing among the As-

sociated Engineering Societies of St. Louis. From his observa-

tion I should say that he is a man of quick conception and keen

judgment.

The contracts offered by the Engineers in the City of St.

Louis are, as a rule, fairer than those offered elsewhere, and es-

pecially in the smaller cities. I can see no reason, however, why
the standard forms, adopted by associations, should not be in

general use. Small municipalities are usually burdened by an

attorney who, to earn his pay, must make up a form of contract

according to his own ideas. The engineer is totally disregarded,

except as to description of the work to be done, and as a result,

a one-sided contract is made. This also refers to some of our

transportation companies. Some of our most liberal and best

railroad engineers are compelled to offer contracts, made by the

legal departments, which they know to be manifestly unfair.

Many contracts are offered which provide no arbitration

clause except that "the engineer is made and appointed the sole

arbiter of any differences, etc." All of us know this to be unfair,

but practically all contractors are so anxious for work that they

will sign most anything to get a job and trust in Providence in

its execution. There is reason to believe that where two men
disagree in the execution of a piece of work, or in interpretation

of contract and specifications, there is an honest difference of

opinion. Then why not settle all differences, not possible to

settle by argument, by arbitration? It has been my experience

that the most liberal minded are those who get the best results,

both in prices and in the execution of the work. The personality

of the engineer or architect is nearly always a great factor in

determining the price which most contractors make, and in the

acceptance of the terms of the contract offered.
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Mr. Hackedorn spoke of the Quantity Survey System as used

in Great Britain. This has been under discussion for some time

by the Engineers' Club, the local chapter of the American Insti-

tute of Architects and The Building Industries Association. A
committee consisting of three members from each association

has been holding regular meetings to consider this and other sub-

jects of mutual interest, and has recommended the adoption of

the system. For the fee of making this survey several sugges-

tions were made. Treat it as an item of cost, specifying the al-

lowances to be made by the contractor, such as is done for finish

hardware; increase the amount of engineer's fee, or have the

owner pay a fixed sum for the service of the engineer.

I do not agree with Mr. Hackedorn in his criticism of the

specifications requiring the contractor to make his own shop de-

tails, although it may be just in his particular line of work. In

buildings, the structural steel sub-contractor prefers to make his

own details. He has certain shop standards, standard size and

especially printed drawings and an engineering force. Some
shops charge more where they are provided with details, than if

they made them. The same, I believe, applies to many of the

reinforcing steel companies. Their fee, at any rate, is so low, and

their opportunities for saving, so great, that it is probably cheap-

er to have them make their details.

There was some mention made of the unbalanced estimate

of cost. Under existing conditions I consider the unbalanced

cost estimate the only fair estimate a contractor can make, but

I believe in it being done honestly. If the contractor was al-

lowed to draw monthly on account of all his actual physical

costs, not covered by items in specifications, there would be no

reason to unbalance the estimate. The permits, bond, and in-

surance must be bought before starting work; plant must be

hauled and a lot of miscellaneous work and materials furnished

before construction starts. All this, under existing conditions, is

in the estimate for excavation and foundation. Why not recog-

nize these physical costs, not overheads, and include in estimate ?

Mr. Hackedorn has fully covered the ground in other mat-

ters. There seems to me no reason why the engineer and con-

tractor do not get together and agree on some definite forms,

covering general conditions of specifications and contracts.
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These should clearly define our status and provide for arbitration

of all disputes.

The Standard Documents, etc., referred to by Mr. Hacke-

dorn, are the result of three years of negotiations between the

American Institute of Architects and the National Association of

Builders Exchanges. They were assisted by Mr. Wm. B. King,

who, I am informed, is the attorney for the Court of Claims at

Washington, D. C. He, probably, has had as much or more ex-

perience in contracts than any lawyer in the United States and

was well qualified to act as adviser.

Inasmuch as these "Standard Documents" have been ac-

cepted by the Architect and Contractor, why not by the Engi-

neer? Are they not worth considering?

Mr. A. P. Greexsfelder. The paper Mr. Hackedorn has

read this evening should be an inspiration to construction engi-

neers and engineering contractors, and every member of the St.

Louis Branch of the American Society of Engineering Con-

tractors can feel just pride in belonging to a National organiza-

tion which chooses such an able man as its President. We are

sincerely complimented through the courtesy shown our local

Section by the Speaker making a special trip from Indianapolis

especially to favor us this evening and personally, I am pleased

to meet an engineering contractor of such wide experience and

with such a breadth of view and vision. He fully exemplifies

the obligations and duties of leadership through his willingness

to make personal sacrifices for his profession. Such an example

cannot fail to make a deep impression upon his auditors to-

night, and our formal vote of thanks will be but a small indica-

tion of our appreciation of both his presence and his paper.

Mr. Hackedorn in his paper touches on many timely topics

on the equity in contracts and specifications, and thus calls forth

discussion which not only proves interest in the subject, but

which is of equal importance and tends to emphasize the vitality

of his propositions.

Quantity surveying is bound to become popular as soon as

its merits are thoroughly understood, and St. Louis comes to the

front by recognition, through City Ordinance, of "Quantity Sur-

veyors" under bond to perform such work.

The application of patents on any job might be readily ascer-

tained by the engineer, through patent attorneys, or by inspection
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bureaus annexing this field of operation to their present services.

The design of concrete work by the engineer might well include

typical designs of forms to support same. Alternate designs of

supports might be permitted by the engineer upon request, if

checked for strength and tightness. Such methods would cer-

tainly be conducive to better results and fairer engineering than

to simply specify 2 in. sheating without mentioning the necessary

supports.

Since universal knowledge is exceedingly rare, we know that

specifications are copied and copied again. It is queer how the

original meaning of certain clauses, perhaps necessary in the an-

cient original, become impractical and distorted" in the latest issue.

There can be no disagreement that the time to limit the num-

ber of bidders on private work, in order to insure responsibility

and fitness, is when plans are sent out and not when bids are

called in. Proof of ability to furnish surety, plant and capital,

might also well be required of bidders on public work in advance

of lettings rather than confusion, delays and expenses of relet-

tings.

Reduction of uncertainties to a minimum by the engineer are

surely due the contractor who at all times has beyond his control

the "handful" of weather, underground conditions, labor strikes,

material deliveries and machinery flaws.

Mutual regard for personal judgment and weight of experi-

ence might well be cultivated by both the engineer and the con-

tractor on every job, and should result in less bickering and more

amicable relations with the. better working results that follow.

Extra, compensation seems to be the confirmed bacillus against

which all engineers inoculate themselves at college graduation.

How much more interesting and fair it would be if the engineer

devoted his spare moments in noting "values received" instead.

Both his clients, the owner and his employe.—the contractor,—

would thus be better served. .
....

There are usually ninety-nine right ways and one wrong way

of doing a particular job, and the numerous contractors while

reserving the privilege of choosing the particular variety of.

method, are just as anxious as the engineer in charge to avoid
-TOG '>;• <'.j

'
•

;,

•-

the one pit-fall.

It seems unusually common, but true nevertheless, that engi-

nll^bn construction' work' are not the least concerned about unit

e'cSts^^ne might think such information would be valuable data
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to say the least, and besides interest in such matters might sug-

gest mutual sympathy between the struggling contractor and his

supervisor.

Alight not the temptation to unbalance bids be largely re-

moved, if engineers would agree to allow, in their monthly esti-

mates for plant installed, materials furnished or falsework

erected? Unbalanced bidding is often also suggested by unbal-

anced quantities.

Lastly, let us not forget that the human element plays a most

important part in any task to convert nature to the uses of man.

It is on occasions such as this, therefore, when engineers and con-

tractors meet fraternally, that we can get together, see ourselves

as others see us, and take away a more generous appreciation of

each others problems and viewpoints. In providing such oppor-

tunities the American Society of Engineering Contractors can

well take the lead.



THE BROADER DUTIES OF THE ENGINEER.

By J. C. Ralston.*

[Read before the Oregon Society of Engineers, November 18, 1915.]

Engineering history, so far as human records go, has its be-

ginning in the classical legends of Ovid and Virgil. It is re-

lated that one of the gods of Greek mythology' Daedalus, was a

great artificer. Aside from discovering the saw, the gimlet and

the scriber's compass, he was the builder of the famed labyrinth

of King Minos, in which at a later period he was imprisoned

by the King. Escaping, he deigned to conquer the regions of

the air. Accordingly, he fashioned wings of feathers, sealing

them together with wax. Putting one pair on his son, Icarus,

and one upon himself, they flew off into the empyreal regions.

And thus was recorded the first successful attempt at aviation en-

gineering.

Before starting upon their perilous journey, he cautioned

his son, in fear and trembling: "Icarus, my son, I charge you to

keep at a moderate height, for if you fly too low the damp will

clog your wings, and if too high the heat will melt them." But

the boy, exulting in his flight, left the guidance of his father, and

flying up and up towards the sun, soon found the wax melting

and the feathers loosening, and so he fell into the Icarian Sea and

was drowned.

In addition to giving the world its first lesson in aviation,

and in devising many useful articles for the mechanic arts, he

gave all engineers a superb! maxim. It might well be made a

book-plate or a motto. "Keep at a moderate height, for if one

flies too low the damp will clog one's wings, and if too high the

heat will melt them."

It suggests that middle ground which the profession, if it

is to rise to the broader duties of the call of the times, must adopt

as its guiding motto.

When we look about us, and see the Utopian nostrums affect-

ing engineering projects which are advocated in the legislative

halls of the nation and the various states, we may easily discern

the need for advocating that moderate height which leads to

permanent accomplishment. Or, on the other hand, if we con-

template the vicious forces which seem to be a world-wide ob-

*Member of the American Society of Mechanical Engineers, Spokane,
Wash.
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session of the hour, we will find inspiration in the charge of

Daedalus.

Engineers ought to recognize—perhaps many do—that en-

gineering and industry are not in themselves ends, but rather are

they means to the greater end of promoting the happiness, wel-

fare and prosperity of the world. A great bridge is not only

a vehicle of transportation, facilitating the intercourse of human-

ity, but it should also be made to embellish the city for which it

is built, and to be expressive of that genius of the profession

which seeks to translate itself into terms of combined utility and

adornment. This was the dominant thought of the builders of such

artistic monuments as some of the Tiber bridges of Rome, of the

Ponta del a Trinite, in Florence ; or the Rialto over the Grand

Canal in Venice ; the Alexander and others over the Seine, the

new London bridge and some of the old English stone bridges, as

well as some of the more modern ones in America.

Similarly, a great invention, say, in telephone engineering, or

the perfecting of a fertilizer manufactory, are not alone triumphs

in engineering, but they are permanent contributions to the pros-

perity and welfare of the nation. Neither one is to be measured

alone by the financial results which they secure for theirpromoters

but taken together with all our works are the stones in the Par-

thenon of our civilization.

And so we may perceive that we possess, if we will but vis-

ualize them, broad and inspiring foundations upon which to out-

line our fundamental perspective. Nor need we fix the vanishing

point against an immediate or modern horizon ; but rather should

we place it behind the background of all engineering history. In

vision we may thus become the cosmopolitan mind, universal in

attributes, high in attainments, and great in accomplishments.

We must, then, no longer retain the prevailing inherited nar-

row notion of the profession. We are both scientific and practical

men ; for the former presupposes research which takes cognizance

of the past, the present and the future, while the latter is guided

by the hard and fast rules of utility and feasibility. More than

this, we are the scouts and pioneers of material advancement, the

builders of the outposts as well as of the permanent temples of

civilization.

I would proclaim this from the house tops. I would let the

world know that we are more than advanced artizans—more

than designers and superintendents. Let it be known that we have
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a speaking voice and a trained mind capable of making them-

selves felt in the council of the big things of the world.

Many there are who decry the entry of engineers into politics,

and they are right if they mean that type of politics which is

followed for personal aggrandizement or mere expediency. They
are wrong if they mean that engineers should not take a part

in politics where the public is in need of information, advice and

guidance on questions in which matters either cognate or remotely

connected with engineering are concerned, or upon general eco-

nomic or industrial problems.

The ignorance or indifference of the public and public officers

towards the functions and offices of the profession is, in a large

measure, the result of an unconscious conspiracy of silence on the

part of the engineers, themselves. If we were more active in

public affairs, and kept our political and economic thoughts

directed along that "moderate height" of which I have spoken,

ours would not be the hermit profession. By this very silence

the engineer has deprived himself of opportunity and has denied

the public the privilege of a better knowledge of his trained

and, let me say, more accomplished mind. For I conceive it to

be true that the mind of the engineer is as capable of leaving

the narrower confines of technical duties as are the minds of those

other professions which have distinguished themselves in the

political and social activities of an advancing world, without

militating against their professional standing. In this we may
sense some of the broader duties of the engineer.

As a corollary, it follows that the engineer should be a man
of clear, convincing and pleasing address—a master of rhetoric

and synonyms, able to dress his thoughts in the glass of fashion

and the mould of form, and to translate the broader aspects of his

profession into terms and vision which the public will understand.

"Speech is the instrument by which the fool is distinguished from

the philosopher."

There is little doubt that the country will shortly undertake

new, broad and far-reaching policies in economic, social and

political activities, changing the whole complexion of our tradi-

tions. Engineering in certain lines will be given a distinct im-

petus ; but it threatens to be an impetus under which individ-

ualism will be forced to give way to collective, corporate and

nationally controlled engineering. The salaried engineer alone

will be ubiquitous. The private practitioner and the consulting
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engineer, as we know them today, will be strange and lonesome

Figures. Paternalism, already gripping the throat of a thought-

less nation, will then more actively than ever fasten its grip upon

the republic, unless leaders arise who will direct the nation away
from its false gods.

Efficient preparedness cannot be attained without the direct-

ing force of a strong central government, yet such a government

in the human nature of the present unfortunate socialistic ten-

dency of a large part of the unthinking public, will incline per-

haps unconsciously, though with a suspicious deliberation, to take

into its hands, in one form or another, the control of many ac-

tivities which traditionally are wholly outside the function of

constitutional government. And here again is where the engineer

must make his sobering influence felt in helping to shape public

thought and general legislation into channels of practical utility,

and away from the paternalistic tendency towards bureaucracy.

It is not idle to hope that the engineer may be a directing force

of great consequence in this forthcoming national movement,

not merely because his profession is a necessary arm of the

national defense ; but because, knowing his own worth, he can

more accurately define serviceable citizenship. He is naturally

an organizer of men. He can also be an organizer of intellect.

He should be the councillor's mind and the advocate's voice.

Give him the tendency of the times, and he should be able to.

visualize the future.

The late James G. Blaine once said that the man in office

is always a willing listener to any suggestion for the expansion

of his jurisdiction. The engineers of the country have recently

seen the strange spectacle of bureau chiefs and employees ac-

tually invading engineering and industrial fields, by laying down
rules and prescribing standards of construction and even moral

conduct which only the theory of paternalism with its implication

of private incompetency and fatuous dependence alone warrants.

May I reverently ask, shall we make obeisance to the human
intellect behind such a conception of the private citizen ; or may

I not, with reasonable fidelity, like Ambrose Bierce, define brains

as a substance which under our beneficent form of democratic

government is so highly honored that it is rewarded by exemption,

from the cares of office? Verily, there are some governmental

incursions into the field of private activities as grotesque as a

medieval gargoyle which need not be chiseled off the national
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waterspout, but need only be laughed off. Perhaps the time may
come when we will have to add the merry and explosive, inar-

ticulate compound of laughter to our laboratory, and thus with

psychology enlarge our field of broader duties.

Other activities there are which have been strangled to death,

so that today project engineering is merely a memory. Nearly

all of them are vital to national development. Lack of vision on

the part of our legislators and administrative officers, and a mis-

conception of the public will, have perverted nearly every nation-

al tradition. Through it all the voice of the engineer has been

strangely silent.

The development of many of our industries which depend

upon government sanction for their inception have been killed,

I believe, not so much through deliberation, as through a mis-

guided, though a conscientious effort on the part of the so-called

conservationists to preserve something which they seem to regard

as intangible and speculative for a posterity which is assumed will

be incompetent and dependent. In these matters we discern

how the aphorism of the late Mr. Blaine applies ; for bureau after

bureau, like dragons' teeth, have sprung up to strangle and kill.

We all remember reading how Diocletian established the

Partnership Emperors, about 300 A. D., and how he thereafter

remodeled the state into the greatest system of bureaus the world

has ever seen. But, alas, the pages of history succeeding the

domination of the Bureaucratic Emperors are mercilessly filled

with the most dismal annals of human decay ; for the outcome

of Bureaucracy was the Dark Ages.

Our civilization has spent a thousand years struggling through

the Dark and Middle Ages, and has taken but a single flower from

that long, said period—the flower of chivalry. Nearly five hun-

dred more have given us great nations and great governments

;

but the lasting flower is yet unnamed.

Is history to repeat itself, and revive the Apostolic Succes-

sion in Bureaucracy?

I say that vision is the whole philosophy of engineering. It

embraces every dimension of that philosophy, and is based upon

ideals. Ideals in turn are the outcome of practice. Thus in

national ideals, with their three basal divisions, the engineer

should be the great outstanding, dominant figure.

In social ideals, which fall to the state, because the state's
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concern is with public welfare, the engineer is the inner and the

outer barrier.

Artistic ideals which in public and private works, in national,

state and civic undertakings, give taste and direction to the public

mind, the engineer must be considered as of the academy.

Industrial ideals fall almost exclusively to the engineer. They

embrace his entire technology, and engage his ripest knowledge

in political economy, economics, civics and government.

If these ideals thus so intimately concern the engineer, who,

then, shall shape the industrial policy of the nation—a policy as

yet unformed, and therefore unhampered by traditions.? Shall

it be the politician or the engineer? The former is already an

assertive, active agent; the latter is, I fear, emasculated by his

own inertia and by his failure to grasp the essential elements of

vision and the broader duties of his profession.

When I spoke of industrial ideals, I had in mind among other

things the probable realignment of our industrial system when the

fierceness of European competition makes itself felt. If there is

any engineer who still harbors notions of unrestricted inter-

national trade, he should bury them as deeply as a certain national

party is now apparently preparing to perform that mortuary

service. There are also certain other fundamentals underlying

national prosperity with which the engineer must be familiar be-

fore his voice and influence may be effective in behalf of his

country, his profession and himself. He must know, for instance,

that the primals of industrial and commercial organization,

fostered as they have been in Germany and the United Kingdom,

must be similarly fostered by our own government, and not

strangled by nostrums and political impediments.

It is the outward and visible suppression of the nation, not

the invisible government, under various guises, actuated by sin-

cere but false expedients, which are tending to denationalize our

political institutions. Old fashioned American thrift and patriot-

ism, smothered as they have been in the immediate past, must be

promoted. The anchors of society and religion now being ruth-

lessly uprooted, must be imbedded again more firmly than ever

before. The garroting of organization, co-operation and initia-

tive in American industry must be superseded by the practice

of national encouragement. Perverted conservation, with all

its fabian fads, must be gently but firmly driven to the shambles,

and rational conservation substituted.
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These, I say, are some of the broad questions which the en-

gineer must at least partly understand before his voice may be

heard and before the full membership will know that there are

indeed many broad and comprehensive duties inherent in the

profession. Need I add that a grasp of this broader view is

closely connected with personal success?

And there are some phases of the great overshadowing labor

question equally important, because they are cognate to engineer-

ing and are persistently present in political and industrial con-

troversy and legislation. Of such the engineer must be a student

and an authority. The recent spectacle in England of unionism

being directed towards the hastening of national destruction

points in a dramatic manner to the extreme limits which this

form of selfish organization will go under maladministration.

Striking down the very hand which feeds it is a form of

destructive ingratitude which in time will uproot the anchors

of any society, totally destroy the national ideals of any country,

and finally annihilate the country itself.

A broader concept of engineering will take cognizance of the

perversion and maladministration of labor organizations not with

the ruthless hand of the overlord, but by kindly, thoughtful sym-

pathetic and cooperative endeavors. Without taking measures to

abate some of the apocryphal, if not menacing, conditions of mis-

applied unionism is like nothing so much as the obtuseriess of a

reptile crawling on its stomach and hiding its head in the mud.

The world seems lately to have been enamored of military

engineering, to its frightful undoing, in this stupendous war of

the Cyclops—shall I say, this war of the engineers? Through

our works of beneficent utility, the world must be led away

from the siren's false love, and become enamored of civil en-

gineering. For I do not believe that the world's intellectual,

progress has recently become moribund, nor that civilization has

suddenly been halted. Surely we are conscious that the flower

of knighthood still blooms in the full vigor and fragrance of the

morning rose, and that the moral philosophy of our Anglo-Saxon

race is still a superlative philosophy.

But the whole world in the present momentous, perhaps

monstrous, crisis is suffering a rude and staggering shock—

a

volcanic awakening. Into a seething, dynamic volcanism has

been thrown the democracy of Athens, to be metamorphosed,
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possibly, into the hard, cold ideals of Sparta—from "the glory

that was Greece, to the grandeur that was Rome."

Y\ hether the historian is to cease writing the annals of the

people and direct his pen to the history of dynasties, profoundly

concerns all alike; but in any event, the hour draws near when
even- citizen of this country may have to recast his concept of

citizenship duty. Every human activity, whether domestic, com-

mercial or political, manual or professional is engulfed ; and no

profession is so deeply nor inextricably involved as that of en-

gineering.

The broader aspects of the profession must now, more than

ever before, be founded on a broad, definite and altruistic base,

not upon a technologic thesis. Our vision must be no longer

confined to the traditions nor the limitations of the classroom, but,

like a glorious sun-rise, must sweep the whole national horizon,

I would first secure an affiliation of the various branches of

the profession, divested of purely technical color, and resolved

into a clearing house for those broader activities of political,

commercial and social education which relate to engineering and

the matters which may effect engineering as well as the relation-

ship of engineering to the public welfare. And conversely, the

education of the public in its attitude towards the profession.

Thereupon, I would expand the bond between the engineer-

ing school and engineering profession. Service and sympathy

from the outside will enlarge the technological curriculum into

that grasp and vision out of which broad-minded men are made.

The impress of the field should be put into the life of the student,

so that he may sense the future and revere the past. The pro-

fession is not measured wholly so much by what it is doing, as

by what it has done. Its romance are its achievements. Its

promise is its history.

On the other hand, the mantle of pedagogy must be unfolded

from its tight and narrow lacing, so that its ampler folds may
comfortably embrace the council and help of the practicing en-

gineer. In the last analysis, the schools only reflect the outside

practice which the engineer typifies. Cooperation between the

college and the profession should be the very joy of living and

the essence of human service. Like the quality of mercy, it is

twice blest ; it blesseth him that gives and him that takes.

I say, that to help in the creation of a closer bond between
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the field and the college is one of the broader duties of the en-

gineer.

During 1913 ex-President Taft gave a series of six lectures

to the law students of Yale on the broader duties of the American

Lawyer. He began with a review of the earliest republics of

Greece, and followed on down categorically through the ages,

reviewing the Dutch Republic, the Hanseatic and other leagues,

and finally to the American Republic and its constitution. He
reviewed the defects in each scheme of national government, and

the results that followed from those defects and from the loosely

knit scheme of federation or league. As to the American consti-

tution he depicted the malign influences now insidiously at work,

and the well defined, though perhaps unconscious, breaking away

from the fundamentals of the safer closely knit scheme of our

type of federation. He showed how the frenzied legislation of

some of the states, and of the Federal Congress, for that matter,

has led the people so far afield that today many are seriously

advocating such wild and fanciful- nostrums as the recall of ju-

dicial decisions, thus attempting to substitute the voters' senti-

mental philosophy and snap-judgment decisions for the orderly,

deliberate and carefully digested jurisprudence of the land.

Correctives, he suggested, would be found through the in-

fluence and work of the Bar Associations, the U. S. Chamber of

Commerce, and kindred bodies. But, he insisted, the greatest

corrective force should be the body of young students who having

been shown the truth, and having their broader duties defined,

would go out into the world as a leavening and enlightening

force.

Need I add that it is the germ of this thought which I would

have the engineers inject into our engineering schools and so-

cieties as a primal function of the broader duty of the engineer?

If we turn to the pages of engineering history we open the

book of inspiration ; for we may profitably visualize and inquire

into the spirit and purpose which animated the engineers of an-

cient Babylon and Ninevah, of ancient Ceylon, Madras, Arabia,

and Southern Asia, of Greece and Rome, of Medieval Europe,

and of the vigorous Renaissance of the 15th, 16th and 17th cen-

turies. Can it be that the voice of the imposing engineering

figures of those times was not heard throughout their respective

countries? Were they dragged from the seclusion of their
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cloisters by the politicians, or bashfully forced forward by the

arm of necessity ? Certainly not ! They stepped, full-panoplied,

into the arena of activity, and took the leadership. They had

the braver}" of conviction, and the temerity of knowledge; the

vision of inspiration and the voice of prophesy.

The influence exercised by the ancient engineers upon the

intellectual and material advancement of their times, the intimate

and vitalizing direction which their genius inspired and the

broader grasp of their duties enhanced, seem largely to have

been lost sight of by historians. The writers of history appear

to have sought too much for the romantic and epochal incidents

which suited best the requirements of didactic epic or romantic

prose. The substrata upon which human crises were founded,

and the slow but necessary social and material processes by which

the climacterics of the world were reached, have been treated with

scant regard for the important part played by the engineering

genius of all times.

While the achievements and traditions of the past are in-

spiring and romantic, yet the inspiration and romanticism of the

present are even greater. The history of water works engineer-

ing, during the last century, is a record of achievement for the

well-being, health and happiness of more millions than the com-

bined military genius of all ages ever achieved.

The same overshadowing fact is equally true of the history

of railroad building, the iron and steel industry, the mechanic arts,

or of the whole realm of engineering activity, especially if viewed

from the standpoint of the influence of the engineer upon public

thought and happiness and if broadly visualized as we know it

should be.

Must not these subjects fill the engineer with inspiration, en-

thusiasm and a deep conviction that he should make his voice

heard and his influence more generally felt throughout the land

than ever before? May he not feel himself the possessor of a

rich, ennobling heritage? May he not go about his duties, how-

ever obscure they may be, or important, in a modest but secure

consciousness that his profession, ministering as it does to human

prosperity and happiness, is the noblest profession of them all?

For, if engineering transmutes its collective genius into the

monoliths of history, or the highways of continental conquest, or

into the useful conversion of Nature's latent energies, though it
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dwell among the humble, it will be given a seat among the

mighty.

This is both the inspiration and the reward of the profession,

and the call for us to visualize, sense and grasp the broader duties

of the engineer.



THE ADMINISTRATION OF EUROPEAN CITIES.

By Julius Pitzman,*

Member of The Engineers' Club of St. Louis.

[Read before the Club, December 15, 1915.]

Xote: I regret exceedingly that my trip was interrupted by the

War, because I intended to use all my spare time in studying the

Administration of European cities and the laws or ordinances so far as

they refer to the organization of the cities and to the construction and
maintenance of public 'works. As I was traveling with my wife and
daughter, I could not do the work as carefully or systematically as I

could have done otherwise, but, in the absence of a more complete
report, it may be of interest to take a bird's-eye view.—Author.

LONDON.
After an automobile trip through the western part of

England, we went to London, which city has a length of four-

teen miles by a breadth of twelve miles, and has a population

of over five million inhabitants. It is divided into twenty-

eight districts and the central one, containing about one square

mile, is known as the City of London and is located in the

very heart of the larger City. It is governed by the Lord
Mayor, twenty-five aldermen and a Court of Common Coun-

cil. The other twenty-seven districts, known as "Boroughs,"

with the City of London, form an Administrative County,

under Act of Parliament of 1888, and each Borough elects its

Mayor and engineer. The Council, with the aid of experts

and councilors, governs the cities and the British Mayor is

wholly ornamental. Mr. George W. Humphrey is the present

Chief Engineer of the Administrative County, but unfor-

tunately he was absent from the City and I was prevented

from obtaining the desired information, as none of the high

officials under him were in town.

County Council.

The twenty-seven Boroughs are governed by a County

Council, composed of one hundred and thirty-seven Members,

one hundred and eighteen Representatives are elected every

three years and the Members so elected appoint a sort of an

upper House or Senate, consisting of nineteen additional

Members, for a term of six years, but at the end of every

three years one half of the Senators drop out.

The entire system of Administration of the City appeared

so complicated, that it was impossible for me to get sufficient

Consulting Engineer, St. Louis, Mo.
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information, in the short time at my disposal, to give even a

general idea of its city administration, but I will mention a

few matters which may interest you. (If accurate information

is wanted, I would suggest sending for a copy of "London
Statistics 1912-1913," No. 1682, printed by King and Son.)

Buildings in London are erected under the Metropolitan

Building Act and the law does not provide for the segrega-

tion of business houses from residences.

No property can be condemned for public uses, except

with the consent of the owner, or under Act of Parliament,

but in case of necessity, for sanitary purposes, proceedings of

condemnation may be brought with the consent of the Minister

of the Interior.

Public Utilities.

The sunken and elevated railroads are owned by private

corporations, under Act of Parliament. The corporations pay

to the City only the taxes on Stations, but nothing for the

right of way over or under the streets. Fares for transporta-

tion are fixed by the corporations, under competition, and the

government does not have to approve the rates. The usual

charge is one penny (two cents) per mile in second class

carriages and two pennies (four cents) per mile in first class

carriages.

All tramways are owned by the public and controlled by

the London County Council ; charges are generally fixed by

the rule of thumb.

The waterworks are owned by the City and operated under

Act of Parliament by the Metropolitan Board. Water rates

are fixed at five-per cent on ratable value of premises, others

by meter rates. The charge is eleven pennies (twenty-two

cents) for each 100 cu. ft. by those using one thousand to five

thousand gallons, or six pennies (twelve cents) if consumer

exceeds five million gallons.

The electric plants and conduits in thirteen Boroughs

are owned by corporations and charges are regulated by com-

petition, in the other fifteen Boroughs they are owned by

the public. Licenses to operate plants are limited to seven

years, but are extended usually for periods of seven years, but

the Boroughs have the right to purchase such plants at market

value.
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Sewers and Streets.

The joint district sewers are built under the supervision

of the Engineer of the London County Council and the dis-

trict sewers are built by the borough engineers.

The grades of the streets are not established by legal pro-

ceedings and the streets are built at the expense of the abut-

ting property owner, by the engineer of the Borough or by

an engineer representing the owner.

The magnificent Victoria or Thames Embankment and

its abutting park was built by the London County Council at

public expense. The County owns the Embankment and some
portions of the river front from which it collects revenue for

the landirfg of boats, etc., but it has been thought advisable

and to the best interest of commerce to leave the major part of

the river front in the hands of private parties.

Taxes.

The taxes on land are based upon ratable value of real

estate, inclusive of improvements, which is assumed at two-

thirds of its rental value and not on saleable value of the

premises, on which we in the States levy our general taxes.

The County Council collects taxes only on lands and improve-

ments and none on income or personal property. The rate

of tax differs in the different Boroughs, but the average tax

is seven and one half pence per pound of ratable value, being

about three per cent on value.

Parks and Parkways.

The old and large parks are owned by the Government,

the smaller ones by the County and some of the Boroughs.

The Mall, one of the great boulevards of London, leading

from Trafalgar to Buckingham Palace, is two hundred feet

wide by a length of about two-thirds of a mile, but it is not

its width but the magnificent palaces on the sides and both

ends that makes it an imposing boulevard. The northern

fifty foot strip of the Boulevard is covered by the one story

terrace attached to the renowned Carrolton House, the roof

of which terrace is used for observing parades, etc. ; next

comes a sidewalk with a double row of trees 35 feet wide; a

drive sixty-five feet wide; and another sidewalk adjoining St.

James Park, fifty feet wide, total two hundred feet.
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The larger portion of the streets of London are paved with

asphaltum ; then follows the brick, granite and wood paving

;

they are kept in perfect repair, immaculately clean and there-

fore it is not necessary to sprinkle them.

The City of London and the twenty-seven Boroughs each

have their own mayor, engineer, etc., who attend to the work
in their respective districts, but all work extending beyond
the boundaries of a Borough is under the control of the County

Council and the plans for new work in any Borough are sub-

ject to the approval of the County Council.

As the suffragettes of England declared war against the

Government and had destroyed some historical paintings

of great value prior to our arrival, the government ordered

all museums and galleries closed. We therefore cut our visit

short and went, by way of Dover and Calais, through the

northern part of France and through Belgium to Holland.

The trip through the northern part of France and through

the southern part of Belgium (the same district in which

most of the fighting has been done) was delightful. All the

fields were in the highest state of cultivation, the houses and

barns of the farmers were built of brick and stone with tile

or slate roofs and the county roads were in a better condition

than those in the greater parts of our suburban districts.

BRUSSELS.

Our next stop was at Brussels, capital of Belgium, which

has a population of nearly seven hundred thousand inhabitants,

of whom about two hundred thousand live within the old

part of the City, which was formerly surrounded by the old

fortifications, five miles in length ; said fortifications, how-

ever, were converted into magnificent boulevards in the early

part of the Nineteenth Century. The old part of the City is

surrounded by nine self governing suburban districts, cover-

ing an area of about four thousand acres ; the built up portion

is about three and five-eighths miles long by about two and

three-eighths miles in width. Each of these municipalities,

I was informed, is governed by a Burgomaster or Mayor, five

Assessors (jurists) and a Municipal Council of twenty-nine

members, elected for terms of six years.

The city owns most of its public utilities and derives a

large profit from the operation of its gas plant, water works,
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telephone and electric plants. The garbage is collected and

reduced by the City, and the proceeds pay a large portion of

the cost of operation. The revenue of the City is about ten

million dollars and the indebtedness of the City, payable in

2003 is nearly sixty million dollars.

The central portion of the City is most interesting, as it

contains many buildings of great historic value, dating back

to the Fifteenth Century, and presents a most striking dif-

ference in comparison with our American cities. Buildings of

historic value are preserved and maintained in first class

condition, irrespective of any change in the surroundings, and

I am inclined to think that the preservation of historic build-

ings helps to maintain the character of these sections of the

City.

My last visit to Brussels was over forty years ago and,

notwithstanding that the City has largely increased in size,

the fine old homes that I saw at that time are now occupied

by the same class of people and not a single house appears

dilapidated or neglected. The streets and boulevards in

these districts were simply extended and solidly built up to

make room for the new comers.

Brussels is one of the wealthiest cities of the world, but

it appears to me that the population is not sufficient to give

life to the great number of wide drives and boulevards and in

consequence of the introduction of the automobile and the

tendency of spreading the City, the old part of the City may
deteriorate in the near future.

AMSTERDAM.
After a few days in the beautiful and homelike city of

Brussels, we made a brief stop at the Hague and then pro-

ceeded to Amsterdam, the Capital of Holland, which con-

tains about six hundred thousand inhabitants. It is situated

at the junction of the River Amstel with an arm of the south-

western part of the Zuider Zee, and was one of the members

of the Hanseatic League.

Like Venice, it is built upon piles and in the central por-

tion about one half of the width of each street is occupied by

a canal with perpendicular retaining walls. On both sides of

the canals are broad paved streets and sidewalks planted with

handsome shade trees. The old small canals were built by the
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City, but now the cost of similar canals is charged against

the abutting property.

In 1825, the North Holland Canal, having a depth of six-

teen feet, was built at an expense of $7,200,000, but in con-

sequence of the construction of large steamers, it became
necessary to build the North Sea Canal, having a length of

fifteen miles, a depth of thirty feet and a breadth of from

sixty-five to one hundred and ten yards. This canal was com-

pleted in 1876 at a cost of $16,000,000, exclusive of the cost of

construction of massive locks and of four outlets at Ymuiden
on the east shore of the North Sea, which were completed in

1895. The Merwede Canal, running via Utrecht and Lak
to the Rhine, was built in 1892 and proved of great importance

to the commerce.

All of these improvements were paid for out of the pro-

ceeds of bonds, sold with the consent of the Province, payable

in fifty years, and bearing four per cent interest.

The City is built at an elevation which is below high tide

;

it is about one meter below the Zuider Zee and from two to

three meters below the North Sea and the basins or central

harbor built for sea going vessels contains five hundred and

thirty acres.

The sewers in the old part of the City drain into the

canals, but portions of the new City have been provided with a

separate sewer system. In 1907,, the City adopted a new plan

for the discharge of sewage into the Zuider Zee some distance

from the City. The fact that a part of the sewage flows into

the canals is not very objectionable, because the sewage is let

out only at night and a fairly swift current is created through

the canals by opening the flood gates at either the Zuider

or North Sea or by washing out the sewers with fresh water

from the Merwede Canal, built in 1892.

The small canals in the streets, having a width of nearly

one hundred and fifty feet, are only three and one-half feet

deep and are used principally for the local delivery of freight

to all parts of the City and you see large barges pushed along

by two men and then unloaded in front of elegant residences.

Goods, fuel, etc., are carried away by men with dog carts or

push carts and very few teams are used for the delivery of

freight. This method of transportation is so cheap that the

railroads cannot compete.
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The City is very closely built up, immaculately clean and

not a single house appeared vacant or showed any signs of

decay. Walking along the streets, you constantly see servants

at work washing not only the windows but also the fronts

of the houses. Labor is very cheap; the City pays $6.40 per

week for common labor and $12.00 per week for mechanics.

I noticed that very few middle men are employed in Amster-

dam, because most produce is brought by barges to the towns and

sold direct by the producer to the consumer from the barge or

from the paved space adjacent to the canal. Nearly all the win-

dows in the dwellings are decorated with a profusion of beautiful

flowers (which can be bought in pots at one to two cents

apiece) which give to the City a charm of its own.

Most of the vacant land is owned by the City and is leased

for terms of seventy-five years at four per cent on its value ; the

buildings are erected mostly by contractors or by companies spe-

cially organized. Buildings, in general, are much more substan-

tial, ornamental and permanent than similar buildings in the

United States. Under the provisions of recent laws, all new fac-

tories have to be built in specially designated districts.

As I did not find that many of the officers spoke English or

German fluently, I was not able to get detailed information about

the administration, but was told that Amsterdam was governed

by the middle class, which was divided into groups ; the wealthy

merchants owning ships and controlling a good portion of the

commerce of the world, being the most influential group, but the

moderately wealthy middle class and the group of shop keepers

hold the balance of power and each group insists and sees to it

that its rights and interests are well guarded.

BREMEN.

Our trip from Amsterdam to Bremen, which is the second

largest shipping harbor of Germany, was impressive. The
yield of the fields along the railroad appeared to be nearly

twice as large as that of our farms, and all houses, stables and

railroad depots were well built and equally well maintained

and the dilapidated frame stables, sheds and fences which we
find in many of our farming districts are not to be found in

these sections of Germany.

We spent Sunday in Bremen and had delightful walks and
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drives. The railroad station is a magnificent building in the

central part of the city and is separated by a public square

from a cluster of six hotels, flanked on either side by a mu-
seum and a public building. The old part of the city was for-

merly surrounded by fortifications, which have been removed
and have been converted into a beautiful central parkway.

The interior part of the city is closely built up and contains

a great many buildings of historic value. The old Rathaus or

City Hall is built in early Gothic style, surrounded by a large

number of buildings highly decorative and very impressive.

The newer part of the city has very fine residences and they

are set off magnificently by a profusion of flowers, shrubs and

trees.

It is a pleasure to see that the architects, in designing the

buildings, always adopt styles of architecture and elevations

in perfect harmony with adjoining buildings and they thereby

obtain much better affects than we do in the United States

with larger expenditures.

The honesty and integrity of the Bremen merchant is

proverbial in Germany and I was told that in the early part of

the last century it was the custom of the city to make an an-

nual statement of the money required by the administration

and that each citizen made a voluntary contribution in pro-

portion to his income, that many paid sums in excess of their

proportionate part and that very few failed to pay, notwith-

standing the fact that the list of contributors was not pub-

lished.

In 1865, a large tract of land near the City was donated to

the City by a lady and, by voluntary subscription, money was

raised to improve the park. Ever since that time sufficient

amounts have been donated annually to maintain it in the

most perfect manner and over one and one-half million dollars

have been spent for its embellishment. Whenever young peo-

ple of wealthy families marry, it is customary for the parents

to make a substantial donation for the further improvement

of the park and these methods have created a civic pride that

is admirable.

HAMBURG.

From Bremen we went by rail to Hamburg, which, next to

New York, is now reported to be the greatest shipping place
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of the world. In 1912 it had a population of 1,006,748 inhab-

itants and with its suburb, "Altona," had 1,200,000 inhabitants.

General Description.

The residence and general business parts of the city are

located on the north side of the River Elbe and have a front

of about five miles by a depth of about three miles and the

built up portion contains about fifteen square miles. In the

central part of this district is a beautiful lake or basin divided

into two parts by a magnificent bridge; the smaller basin is

called the Inner Alster and contains about twenty acres, and

the other portion, containing about two hundred acres, is

known as the Outer Alster Basin. The Inner Alster is sur-

rounded on three sides by magnificent hotels, restaurants,

cafes, concert halls and elegant shops. The Outer Basin is

surrounded by elegant suburban homes and embellished most

profusely with flowers, trees and shrubs. There is a beautiful

drive around the entire lake between these residences and the

shore line and nearly all the land between the road and the

lake and, appurtenant to the residences and on the other side

of the drive, is laid out by experienced landscape gardeners

and the boat and summer houses on the lake front add a great

deal to the beauty of the landscape.

All the portions of the City that I have seen, except small

portions within the lines of the former fortifications, were kept

in perfect repair and I noticed hardly any for rent signs. The
majority of the houses occupied by the laboring classes ap-

peared to have been built especially for that purpose and the

laboring people are much better housed in the large cities of

Germany than ours in the States.

That part of Hamburg located South of the Elbe has a

length of about seven miles by a width of about two miles ; it

contains about nine thousand acres, one-half of which area

consists of canals and basins and the other half is mostly cov-

ered with railroads, warehouses, docks, quays, etc.

Annual Expenses of City Works.

The annual expenses of maintaining and developing the

works of the City was sixteen and one-half million dollars in

1890, but has increased steadily and in 1911 reached the

enormous sum of fifty-one million dollars, and I find that
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nearly one-third of said sum is used annually for public build-

ings, statuar}', fountains, etc., all of which of course add to

the attractiveness of the City.

As it may be of interest to some of you gentlemen, I will

quote the appropriation made for public improvements in

1911:

Street cleaning and sprinkling $ 913,500

Maintenance of sewers 171,000

Extension of sewers 466,500

Construction of streets and repairs 2,212,500

River and harbor 4,935,000

Gas and electricity 3,375,000

Total $12,073,500

That the expense for extension of sewers is rather small is

to be attributed to the fact that all European cities are closely

built up and the authorities do not permit the building up of

districts before they are required for housing the increased

population.

Local Government.

In 1860 a law was adopted creating a governing body con-

sisting of a Senate of eighteen members and of a council of

one hundred and sixty members (Buergerschaft). Accord-

ing to the provisions of the law, nine members of the Senate

are selected from the legal fraternity, seven from the mer-

chants or chamber of commerce and two from other vocations.

After the formation of the German Empire in 1870, Hamburg
surrendered its independence and was incorporated in the

Empire, but the old organization of city government was con-

tinued.

The Senators hold their position for life and if a vacancy

occurs, the Senate selects four men, the Council the same

number, and the eight delegates select four and the four select

two men (not from their own number) and these become can-

didates and are voted for at the following election. Every

Senator so elected prepares a design for his coat of arms ; his

social position and that of his family is fixed permanently.

The honor is so great that no citizen has ever refused the nom-
ination, but a person seeking the office would stand a small

chance of ever being elected. The nine Senators of the legal
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fraternity., who have to give their entire time to the public,

receive a salary of $7,500 and the other nine, who are permitted

to continue in business, receive $3,750 annually. The Senate

is an administrative and executive body and it represents

Hamburg in all its transactions with the German Empire and

exercises jurisdiction over the entire administration inclusive

of the judiciary, but no act affecting the judiciary is ever

passed unless approved by the four Syndici and the two Sec-

retaries of the Senate, which six officers jointly with the eigh-

teen Senators form the larger Senate.

Council.

The Buergerschaft or Council is a legislative body only.

It consists of one hundred and sixty members, one half of

whom are elected at large at intervals of three years. To
prevent the Socialists from governing the City, a law was
adopted for the selection of Members of the Council as fol-

lows : The property owners select forty, the notables, con-

sisting of present and former members of the Senate, of the

Members of the Council and of the Merchants Exchange, se-

lect forty and the rest of the voters select eighty ; one-half

of the members are required to reside in the North and one-

half on the South side of the Alster. Every male citizen of

the remaining population, who pays taxes on an income of

three hundred dollars a year for five consecutive years, is en-

titled to a vote in the third class ; all those that have a smaller in-

come are considered paupers.

Mayors.

From the Senate, three men are selected to serve as mayors.

The first and second mayors are executive officers and the

third attends the meetings but continues his duties in the

Senate as the representative of the two chief executive of-

ficers. The following year, the first mayor returns to the

vSenate, the second and third advance and a new one is selected

to serve as third mayor and so on. With one exception, all of

the mayors so far elected have belonged to the legal fra-

ternity.

The salary of the mayors is $8,750 each, being an addition

of one thousand dollars to the salary of a Senator.

Senate.

The Larger Senate consists of eighteen members as afore-
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said, of four syndics and two secretaries. The last mentioned

officers participate in the debates but have no vote.

The Senate designates, from amongst the one hundred

and sixty members of the Council, those that are to serve in

the following departments : Departments of Finance, Build-

ing, School, Police, Commerce and Marine, Water and Light,

Courts and Military. Each department is presided over by
one Senator and assisted by one or two and the rest of the

board is made up from the representatives of the Council,

recommended by said body and approved by the Senate, and

of the chief technical officers or specialists of the respective

departments.

Members of the Council hold office for six years, half being

elected every three years ; they serve without salary.

All laws require joint action of the Senate and Council.

The executive power of the different branches of the govern-

ment is vested in the Senate, assisted by deputies selected

from the Council. All ordinances require the approval of the

Council, which has only legislative powers.

Pensions.

All employees of the City or their families are entitled to

pensions in case of sickness or death and the amounts are

fixed by the Department of Finance, assisted by twenty mem-
bers of the Council. The law provides that not more than five

lawyers shall be permitted to serve on the Committee and

each party is represented in proportion to its strength at the

previous election.

Land Values.

The land values in Hamburg are not as high as they are

in the States and the general price paid for first-class business

property is about $2,500 per foot for lots one hundred and

fifty feet deep ; the land for apartment houses is valued at one

hundred dollars per foot and upwards ; and for laborers'

houses, from twenty-five to seventy-five dollars per foot in

districts within a radius of half an hour's ride by the electric

roads.

Revenues of City.

The running expenses of the government are paid out of

the following sources

:

Revenue from Incomes $13,000,000

" Real Estate 5,750,000

" Rent of Property Owned 1,350,000
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" Lottery 1,050,000

" Quay Tax 2,600,000

" Stamp Tax 1,070,000

" Imported Goods 1,980,000

Unearned Interest from Real Estate 600,000

Total $27,400,000

The tax rate on incomes up to three thousand dollars is six

per cent, above three thousand dollars it is seven and one-half

per cent.

The annual expenses of the City, inclusive of betterments

paid by bond issue, was $13,250,000.00 in 1890 and has been

increased to $51,000,000.00 in 1912, being- about three times

the amount spent annually in St. Louis.

River Improvements.

The cost of the regulation of the Elbe and the construc-

tion of the harbors during the last sixty-five years amounts to

over one hundred and fifty million dollars. Geheim Baurat

Bubendey, an engineer of national reputation, who draws a

salary of seven thousand dollars annually, is in charge and has

sixty graduate engineers under him and about one thousand

employees. To give you an idea of the magnitude of this de-

partment, I will cite in round figures the budget of 1914, which

is as follows

:

Salaries I $ 287,000.00

General expenses 200,000.00

Maintenance and operation 1,410,000.00

Extension of old work and purchases 303,000.00

Total $2,200,000.00

The estimate of the annual new work in the harbor is four

million and eight hundred thousand dollars, making a grand

total of seven million dollars, which is two million dollars less

than the amount spent in 1913. All expenses for operation and

maintenance are paid out of the annual appropriation, but all

extensions of the harbor are paid for by the sale of bonds, pay-

able in fifty years, and bearing from three and one-half to

four per cent interest.

The up-to-date improvements for shipping and for the

transfer of freight has, within the last decade, caused Ham-
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burg to supersede Liverpool and London and has enabled the

Hamburg-American Line (which has for its motto, "My Field

is the World") to supersede the English lines.

Hamburg owes its rapid increase and development to its

location on the River Elbe, about sixty miles southwardly

from the estuary at Cuxhaven on the North Sea. The river

at Hamburg is nine and one-half meters deep at low tide and

is now being deepened so as to have a depth of ten meters at

low tide. The difference between high and low tide is two

and eight-tenths meters at Cuxhaven and two meters at Ham-
burg.

The largest ships, such as the Imperator and the Vater-

land, having a capacity of over 54,000 tons, unload at Cux-

haven and the passengers go either by boat to Hamburg or

by rail direct to other places of destination. The entire river

from Hamburg to the North Sea and the town of Cuxhaven are

maintained and controlled by Hamburg.

Municipal Works.

The planning of the City and the constructing of sewers,

streets and the supervision of buildings is in the hands of

Baurat Merkel, who is also in charge of surveys, and Dr. Ingi-

neer Ranke is "Chief of Hochbau," or the Building Depart-

ment ; both departments are closely connected and co-operate.

The laws regulating these departments are so different

from ours that I will attempt to give a brief description by

paragraphs.

Additions to City.

Lots are from thirty to fifty meters deep on an average,

but no person is permitted to lay out his land into building

lots unless the plan is approved by both departments, and if a

person should attempt to lay out or improve his property

without a permit, the City would not permit an outlet to or a

connection with a public street.

Persons subdividing property' must, in residence districts,

set aside from twenty-five to thirty-three per cent thereof for

streets, open places and for light and ventilation. No house

over two stories in height can be built unless it connects with

a sewer.

All streets are opened and improved by the Department,

or by the owner with the approval of the Department, and as

streets often cross lots diagonally, the owners of vacant



THE ADMINISTRATION OE EUROPEAN CITIES. 245

property can bring proceedings and force an exchange so as

to diminish damages for opening of streets. All costs of open-

ings are paid by the City, but subsequently included in the

cost of the street improvement. The owners of lots on streets

over seventeen meters wide have only to pay for an improve-

ment of that width and the City pays the remainder out of

public funds.

The City owns four tracts of forest land, containing about

four square miles each, in close vicinity of Hamburg, which
are being laid out for elegant homes. The sizes of these lots

range from two-thirds of an acre to two and one-half acres,

and no house can be erected covering over one-third of the

area of its lot.

Building Commission.

In 1912, a committee consisting of two high technical of-

ficers, the Director of the Museum, director of Landscape

Gardening, one artist, four architects and seven men of gen-

eral culture, was appointed to approve plans and prevent the

erection of unsightly buildings or such as would be an injury

to the adjacent property. This committee determines the

amount of damages to be paid to the owner, if changes are re-

quired to be made in the plan for the benefit of the public.

The Building Committee, consisting of two members of

the Senate, five members of the Council, and the heads of the

department, who have no vote, has to examine all plans for

buildings and has to see to it that it is sanitary and well con-

structed. The law provides that all living rooms must be

provided with light and air and an open space of two-thirds

of the elevation of the house is required. No house can have

more than five stories or be over twenty-four meters above the

cellar floors, and an open space of one-half the height of the

building must be left adjacent to every living room. The
Commission also determines the front building line, the eleva-

tion of the basement floor, and also the general character of

the front elevation of the entire block. After being perfected,

the plans must be approved by the Senate, but minor changes

may be made by the head of the department. Building in-

spectors see to it that all the plans and provisions are carried

out.
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Schools.

The schools are under the charge of a committee, composed
of two Senators, ten representatives of the City Council, with

four government counsels (Regierungsraetel), who are trained

for this special purpose and who each receive a salary of $3,500

per year. When school houses are needed, this commission
applies to the Building Department, stating the location and

size required ; the last mentioned department arranges for the

acquisition of the property, prepares the plans and, if ap-

proved by the Committee, they are submitted to the Senate

for final action.

Teachers of high schools begin on a salary of $1,125,

which is gradually advanced to $2,750 in twenty years and at a

certain age they retire with a pension.

Sewers and Streets.

All sewers are built and paid for by the City, but when
completed the owners of the improved property have to pay

about sixty marks per meter front, or about $4.60 per front

foot ; the owners of vacant lots pay five-twelfths of said sum,

but as soon as the owner improves the lot he has to pay the

other seven-twelfths. Lot owners pay the cost of all connec-

tions.

The minimum grade of all sewers is one per cent, unless

they are provided with flushing tanks. Factories are not per-

mitted to discharge hot water, having a temperature of over

37 degrees Celsius, unless a special permit is obtained.

When streets are improved, the owners of the improved

property pay the cost, but the owner of unimproved property

does not have to pay until he improves his lot and obtains a

revenue or income therefrom. Owners can pay the cost in

installments extending over fifty years, deferred payments

bearing five per cent interest.

Water and Gas.

The City has purchased the water and gas plants and op-

erates the same. Extensions are made free of charge. Light-

ing yields a net revenue of two million dollars and the water

one-half million dollars. The electric current is furnished by a

corporation, which pays a large revenue to the City for the

privilege. Conduits are built three meters wide and two
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meters in height under the sidewalks on both sides of the

street in recent years.

Street Railroads.

The charters for street railroads were originally granted to

private companies, but when the Socialists gained in power,

they objected and claimed that the companies were making
too large a profit ; thereupon the City concluded to buy the

street railroads, but, after a long debate, on motion of the

engineers, it was decided to purchase only one-half of the

stock. The engineers held that to operate a railroad, prompt

action must be taken in emergencies and that better results

could be obtained by leaving the administration in the hands

of a corporation. All rules, regulations or plans for extension

are now subject to the approval of the City officials, who also

attend meetings of the directors, but the execution of the work
and the operation is entirely in the hands of the corporation.

The system has proved a great success, the City obtains a

large revenue, and by controlling the street railways it can

regulate the extension of the City.

As my party concluded to leave for Berlin, I called upon

the heads of the departments to thank them for the courtesies

extended to me and. when I asked one of those gentlemen

whether their officers were placed under bond, he said: "We
have no dishonest officers, and, if we should ever detect one,

it will be better for the rich city of Hamburg to stand the

loss than to require a bond and to cast suspicion upon men in

high positions."

BERLIN.

The next day we proceeded to Berlin and to get a general

view of the City, took an automobile trip through it. I was

greatly impressed by the fine buildings erected there sines.

my last visit and by the display of artistic statuary placed

along the boulevards and along the Siegesalley (Lane of Vic-

tory) in the Thiergarten.

I made inquiry concerning the organization of the local

government and found that it is not managed from one cen-

tral station like our cities, but, like most large European cities,

is composed of nineteen towns or municipalities, which have

grown into one, each continuing its local self-government as a

separate municipality.



248 THE ADMINISTRATION OE EUROPEAN CITIES.

Berlin has over two million inhabitants, and contains twen-
ty-five square miles, or sixteen thousand acres. It provides

for cleaning three hundred and sixteen miles of streets, con-

taining sixteen hundred and eighty-six acres, costing over one

million, five hundred thousand dollars per annum (wages
average one dollar per day). The total city expenses in 1910

were $88,856,153. The bonded indebtedness increased from

$31,540,401 in 1880 to $118,950,000 in 1910.

The Municipal Assembly.

The foundation upon which the government of the Prus-

sian cities rests, is the Municipal Assembly, selected at a gen-

eral election, at which everybody is entitled to a vote who
pays an income tax of $218 or over, but the voters are divided

into three classes with voting power in proportion to their

income. To illustrate this, I quote from a book published by
Price Collier (an American who has made a careful study of

the German Government) who states the income of the citi-

zens of Berlin to be as follows

:

389,687 had an income ranging from $ 218 to $ 25,000

521 " " " "
"

$ 25,000 to $ 62,500

139 " " " "
"

$ 62,500 to $125,000

22 " " " "
"

$125,000 to $187,000

19 " " " "
"

$187,000 to $250,000

19 " " " "
"

$250,000 or more.

Based on these incomes, one-third of the Council in 1910

was elected by one hundred and thirty-one votes, one-third by

32,131 votes, and one-third by 357,345 votes, and as a result

of this classification, only thirty-eight Social Democrats were

elected to the Council, consisting of one hundred and forty-

four members ; 33,162 votes (being one-tenth of all voters)

elected two-thirds of the Council and gained control of the

municipal affairs of the City.

As a further protection against unfair legislation, power is

given the King of Prussia to dissolve the Council by royal

decree.

Collier states, in his book, "Germany and the Germans,"

"Prussia is a highly centralized government and what takes

place in Prussia would certainly not take place in the States

or in England ;" he states that they have a patriarchal rule,

coupled with the most successful social legislation, most sue-
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cessful state control of railways, mines and other enterprises

and that its industrial development, during the last quarter

of a century is second to none ; he further states that the Ger-

mans believe in an aristocracy of Kultur with a right to rule.

Schoenberg.

Schoenberg is one of the largest and wealthiest of Berlin's

municipalities and the Council is elected in the manner preJ

viously described. It is composed of thirty-six members and

selects the Magistrate in which the executive power is vested.

The Magistrate in Schoenberg is composed of two Mayors

(smaller municipalities have only one), one Baurat, who has

special charge of overhead construction, one Baurat, who has

special charge of street and underground work, two legal ad-

visors or councillors, one financier, and one physician or sani-

tary officer. All of the above mentioned officers are taken

from a list of men who specialize in municipal work, and are

not required to be citizens of Berlin. The Council further-

more selects twelve of their number who participate in meet-

ings, but they serve without pay. All estimates for work
are prepared by the Magistrate, but have to be submitted to

the Municipal Assembly for approval.

As the Mayor of Schoenberg is a brother-in-law of Mr.

Otto Schmitz, my chief of office for over thirty years, I en-

joyed special privileges in securing all the information I de-

sired.

Sewers.

Inquiring about the sewer system, I found that it was
built and paid for by the City on a tax of slightly over five

dollars per front foot, which is levied on all lots which are

built upon, and the same amount is paid by the owner of a

vacant lot as soon as improvements are erected which pro-

duce a revenue. The owner has to pay for the connection and

ten per cent for designing and superintending. The sewage is

pumped onto large fields which are rented to gardeners, and I

was told that the health of the people working in these fields

is just as good as those occupying houses up town. For

maintenance of the sewer system, the City collects two per

cent of rentals. The regulations forbid the discharge into the

sewers of certain acids or of water having a temperature of

over 35 degree Celsius.
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The building ordinance forbids the erection of buildings

on unimproved streets or on streets not built with the ap-

proval of the Magistrate, unless a special permit is obtained.

Persons laying out additions to the City have to build,

with the approval of the Department, substantial streets,

provide for illumination and pay the cost of maintenance for.

five years. If streets have a width of over twenty-six meters,

or say eighty-five feet, the City pays the excess cost. No
street is permitted to be built unless it is in continuation of an

existing improved street.

If the City builds a street on its own motion, it pays the

cost and collects the proportionate part from the respective

owners, inclusive of the cost of maintenance for five years, as

soon as the property abutting such street is improved and

pays a revenue. The Magistrate can forbid the construction

of a new street. In determining the cost, the land required is

included, but persons who have previously opened such

streets, receive credit for the value of the land given. The
cost of bridges is also included.

A HASTY RETREAT.
As I had taken up a great deal of time of His Honor,

the Mayor, and as a great many of his officials were absent

on summer vacations, I stopped further inquiry and made an

appointment for the latter part of the week, but Friday came

and with it the Declaration of War. As my wife and daugh-

ter were not as anxious as I to see the mobilization of the

army, we beat a hasty retreat to Antwerp and managed to

pick up passage on the Red Star Line for Boston.

Our trip through the English Channel, three days after

the Declaration of War, was rather exciting as the Channel

was crowded with English men-of-war and we were escorted

by the pilots to avoid the mine fields. On the open sea we were

stopped almost daily by warships and even within five miles

of Boston we were halted and examined.

If, owing to the limited time at my disposal, inaccuracies

have slipped in, I wish to apologize. To those who specialize

in Municipal Engineering, I will be pleased to loan my two

volumes of "Hamburg and Its Works," published since the

outbreak of the war and sent to me bv the Chief of Engineers.
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PROCEEDINGS.

The Engineers' Club of St. Louis

The 817th meeting of the Club was held Wednesday, June 9, 1915,

at 8:15 p. m., as a Joint Meeting of the Associated Engineering Societies

of St. Louis under the auspices of the St. Louis Branch of the American

Society of Engineering Contractors. The meeting was called to order

by President J. \V. Woermann, who called upon Mr. J. T. Garrett, of the

A.S.E.C. to preside. The total attendance was 46.

The minutes of the nth, 12th and 13th Joint Meeting of the Associated

Societies were read and approved.

The presiding officer presented Mr. J. B. Emerson, of the Robert W.
Hunt & Co., who read a paper on "Needed Improvements in Specifica-

tions," which was followed by discussion.

Dr. G. R. Olshausen, of the U. S. Bureau of Standards, Washington,

D. C, gave an interesting outline of the tests he is making on full size

columns for the Am. Soc. C. E., and the American Railway Association.

Adjourned 10:39 p. m.

Joseph W. Peters, Assistant Secretary.

The 818th meeting of the Club was held Wednesday, June 16, 1915,

at 8:15 p. m., as a Joint Meeting of the Associated Engineering Societies

of St. Louis, under the auspices of the St. Louis Branch of the American
Society of Mechanical Engineers. President John W. Woermann called

the meeting to order and then called upon Mr. Edward Flad, Chairman
of the St. Louis Branch of the A.S.M.E. to preside. The total attendance

was 45.

The minutes of the 14th Joint Meeting were read and approved.

The Committee composed of Messrs. J. A. Ockerson, M. L. Holman,
Edward Flad, H. H. Humphrey and E. L. Ohle, appointed at the 6th meet-

ing of the Joint Council to investigate the report of the Missouri Senate
Water Power Commission in reference to the proposed project to connect
the Missouri and Meramec rivers by means of a canal to develop hydro-
electric power, announced that their report was ready. Mr. E. L. Ohle
read the report.

1
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Motion made and unanimously carried that the report as read be ac-

cepted and made a part of the minutes.

Motion made and unanimously carried that the data contained in

said report be given to the public press.

Mr. Flad presented Mr. E. R. Fish, Vice-President and Secretary

of the Heine Safety Boiler Co., and past president of the Engineers'

Club, who read a paper on "Boiler Failures and What the A.S.M.E. is

Doing to Prevent Them." A number of stereopticon views were shown

and discussion followed.

Adjourned 10:45 P- m -

Joseph W. Peters, Assistant Secretary.

The 819th meeting of the Club was held Saturday, June 26, 1915, as

a Joint Inspection trip of the Associated Engineering Societies of St.

Louis, under the auspices of the St. Louis Branch of the American Society

of Mechanical Engineers. The total attendance was 85.

The party left the Union Station at 1:15 o'clock for Valley Park,

Mo., where they were shown through the works of the St. Louis Plate

Glass Co. The trip proved to be one of exceptional interest and was
thoroughly enjoyed.

Joseph W. Peters, Assistant Secretary.

The 820th meeting of the Club was held Saturday, July 10, 191 5, as

an Inspection Trip of the Mill Creek Joint District Sewer by the Asso-

ciated Engineering Societies of St. Louis, under the auspices of the St.

Louis Association of members of the Am. Soc. C. E. The total attendance

was 40.

The party gathered at the City Office, 1127 Armstrong avenue, at

2 o'clock, where they were furnished with rubber boots and slickers,

which were loaned to the Club by the U. S. Engineer Office and the City.

The party formed into two groups and was taken through the work by

City Engineers and the contractors. Several shafts were entered and the

different stages of the work inspected.

The trip proved to be an exceptional opportunity to view this class

of work on a large scale within the city and it was regretted that a larger

number did not attend.

The trip was finished about 4 :.30 o'clock.

Joseph W. Peters, Assistant Secretary.
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The Engineers' Club of St. Louis

The 821st meeting of the Club was held Friday, July 23, 1915, 8:30

p. m., on the excursion steamer Alton on the [Mississippi River. Mem-
bers of the Associated Engineering Societies and St. Louis Railway Club
were invited to attend. The total attendance was 440.

Dancing was the popular feature of the evening. In addition to

the boat orchestra the Entertainment Committee had present part of the

Mandolin Club of Washington and also jubilee singers. Refreshments.

were served gratis by tlie Club.

The boat returned at 11:00 o'clock.

Joseph W. Peters, Assistant Secretary.

The 822nd meeting of the Club was held in the Club Rooms, Wednes-
day, September 8, 1915, at 8:15 p. m., as the reunion meeting following
the summer vacation. President J. W. Woermann opened the meet-
ing and after a few remarks on the occasion called upon First Vice-
President W. E. Rolfe to preside. The total attendance was 96.

The program consisted of short talks on observations and ex-

periences en route and at the Panama-Pacific and San Diego Exposi-
tions, accompanied by stereopticon and motion pictures. Messrs. O. F.

Harting, C. M. Talbert, John Hunter, E. R. Kinsey, W. E. Rolfe and

J. W. Booth of the Missouri Pacific Railway addressed the Club.

A rising vote of thanks was extended the speakers, after which the

usual collation was served in the Library.
Adjourned 11:15 p. m.

Joseph W. Peters, Assistant Secretary.

The 823rd meeting of the Club was held in the Club Rooms, Wednes-
day, September 15, 1915, at 8:15 p. m., President J. W. Woermann pre-

siding. The total attendance was 30.

Motion made and carried that the minutes of the 816th to 821st

meetings be approved as printed in the Journal. The minutes of the

822nd meeting were read and approved.
The minutes of the 569th, 570th, 571st and 572nd meetings of the

Executive Committee were read.

The President presented Mr. Emil N. Tolkacz, Director of Public

Welfare, City of St. Louis, who delivered an exceptionally interesting

talk on the problems before the Department of Public Welfare and dis-

cussed the needs to secure the future welfare for the City of St. Louis.

A brief discussion followed.

A rising vote of thanks was extended Mr. Tolkacz.

ourned 10 : 15 p. m.
Joseph W. Peters, Assistant Sccrctay.
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The 824th meeting of the Club was held in the Club Rooms, Wednes-
day, September 22, 1915, at 8:15 p. m., President J. W. Woermann pre-
siding. The total attendance was 51.

The minutes of the 823rd meeting were read and approved.
The presiding officer presented Mr. John E. Conzelman, Vice-Presi-

dent and Chief Engineer of the Unit Construction Company, who read
the paper of the evening, entitled, "Recent Applications of Unit Methods
to Reinforced Concrete Construction." Mr. Conzelman showed a large

number of lantern slides illustrating the application of unit methods
to various types of structures with particular reference to the hydro-
electric development at Cedars, Province of Quebec, Canada. A brief

discussion followed.

Mr. Baxter L. Brown read the following resolution, which, after a

brief discussion, was unanimously adopted

:

Whereas : There exists a popular demand for motion
pictures in addition to stereopticon views in illustrating en-

gineering construction and industrial operations, as well as for

entertaining " features ; and
Whereas : Motion pictures are adaptable to technical and

educational work, as evidenced by their increasing utility ; and
Whereas : Motion picture films of appropriate character

can be borrowed or rented at a nominal cost ; and
Whereas: A motion picture projector would incorporate

all the features of our stereopticon without additional cost of

operation ; and
Whereas : The use of motion pictures would offer par-

ticular advantage to our Entertainment and Meetings and Pa-
pers Committees in presenting a more diversified and entertain-

ing program, thereby increasing the attendance at the Club
meetings :

Therefore, Be It Resolved : That the members of the En-
gineers' Club of St. Louis be requested to voluntarily contrib-

ute one dollar ($1.00) each toward establishing a fund from
which a motion picture projector can be purchased.

Resolved, Further : That the President appoint a com-
mittee to receive the money contributed, investigate and pur-

chase a machine with appurtenances and transact any other

business in this connection and report to the Executive Com-
mittee.

Adjourned 10:30 p. m.
Joseph W. Peters, Assistant Secretary.

The 825th meeting of the Club was held in the Club Rooms, Wednes-
day, September 29, 1915, at 8:15 p. m. President J. W. Woermann called

the meeting to order and after the reading and approval of the minutes

of the 824th meeting, of the Club, called on Past-President J. D. von
Maur to preside. The total attendance was 85.

The papers and talks of the evening were on the Elimination of the

Tower Grove Grade Crossing. Mr. S. L. Wonson, Bridge Engineer for

the Missouri Pacific Railway Company; Mr. Perry Topping, Assistant

Engineer for the St. Louis & San Francisco Railway Company, and Mr. L.

R. Bowen, Bridge Engineer for the City of St. Louis, collaborated on the

interesting features in the design and construction of this viaduct. The
subject was illustrated by a large number of stereopticon views. Sup-

plementary brief talks were made by Messrs. C. E. Smith, P. W. Con-
nelly and E. D. Smith.

Adjourned 10:30 p. m.
Joseph W. Peters, Assistant Secretary.
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The Engineers' Club of St. Louis

The 826th meeting of the Club was held in the Club Rooms, Wed-
nesday, October 13, 1915, at 8:15 p. m., President John W. Woermann in

the chair. The total attendance was 77.

The minutes of the 825th meeting of the Club were read and approved.

The minutes of the 573rd meeting of the Executive Committee were

read.

Two letters, one from Prof. A. S. Langsdorf, presenting his new book

on '"Principles of Direct Current Machines," to the Club library, and

one from Mr. E. H. Tenney, presenting his new book on "Test Methods
for Steam Power Plants," to the Club library, were read. Motion unan-

imously carried that a vote of thanks be extended to the authors of these

two books.

Past President A. S. Langsdorf took the chair at the invitation of

President Woermann.

The following amendments to the Constitution were unanimously pro-

posed :

Amend Article III, Section 1, to read as follows:

Section 1. The officers of the Club shall be a President,
three Vice-Presidents, a Secretary, a Treasurer, a Librarian,
and three Directors. These officers shall be chosen in the
manner prescribed by the By-laws, and shall hold their offices

for one year, or until their successors are duly installed.

Vacancies shall be filled at the first meeting after they occur.

Amend Article V, Section 1, line 2, by striking out the words, "in

December," and adding, after January 3rd.

The amended section will then read as follows

:

Section 1. The annual meeting of the Club will be held
on the evening of the first Wednesday after January 3rd.
Other meetings may be held at such times as the Club may
appoint. Meetings may be called at any time by the Executive
Committee or by the President upon the request of three mm-
bers.
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Amend Article V, Section 2, to read as follows

:

Section 2. At the annual meeting reports shall be
presented by the Executive Committee through the Pres-
ident ; by the Secretary, Treasurer, Librarian and various
Committees of the Club. After the presentation of the annual
reports, the newly elected officers will be installed.

The following amendments to the By-laws were unanimously adopted :

Amend Section 6 by adding, The fiscal year of the Club shall coincide

with the calendar year.

The amended section will then read as follows

:

Section 6. Treasurer.—The Treasurer shall collect all

moneys due the Club, be custodian of all its funds, and pay
such bills against the Club as the Executive Committee shall

approve. The Treasurer shall deposit the moneys and invest

the funds of the Club in its name and with the advice of the

Executive Committee. The fiscal year of the Club shall co-

incide with the calendar year.

Amend Section 12 to read as follows

:

Section 12. Nomination of Officers.—At the first meet-
ing in November of each year, the members present shall elect

by ballot four members of a Nominating Committee, at least

one, but not more than two of whom, shall have been mem-
bers of the Nominating Committee of the preceding year.

These four members, with the last living past president as
chairman, shall constitute the Nominating Committee. In

case of inability of any of the above members to serve, sub-

stitutes shall be appointed by the Executive Committee before
November 15th. The Nominating Committee shall select one
or more candidates for each office to be filled for the ensuing
year, and report to the Club at the first meeting in December,
when the names proposed shall be placed in nomination. A
copy of the report of the Nominating Committee shall be
mailed to each member of the Club not less than two days
prior to the first meeting in December. Additional nomina-
tions for any office may be made at this meeting by written

petition signed by ten members. On the ballots for the elec-

tion of officers, the names of the candidates for each office

shall be listed alphabetically.

The suggestion of the Executive Committee, that the Club, in accord-

ance with Section 4 of the By-laws, authorize the Executive Committee

to appoint a Secretary for one year at a salary to be fixed by the Club,

upon the recommendation of the Executive Committee, was unanimously

approved.

The Chairman called upon Prof. E. L. Ohle, of Washington Uni-

versity, who presented an illustrated report on Devices for Smoke
Abatement, with Particular Reference to Tests' Made at Washington

University on Two House-heating Furnaces. Following Prof. Ohle, Mr.

W. A. Hoffman, Inspector of Boilers, Elevators and Smoke Abatement of

the City of St. Louis, read an illustrated paper on Recent Boiler Installa-

tions and Some Results of Furnace Investigations. A brief discussion

followed.

Adjourned 10:20 p. m.
Joseph W. Peters, Assistant Secretary.
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The 827th meeting of the Club was held Wednesday, October 20, 1915,

with the Club as host at an informal dinner and theater party to the

visiting guests of the St. Louis Section of the American Institute of

Electrical Engineers during their two-day meeting here in commemoration

of the one hundredth meeting of the St. Louis Section. Dinner was

served at the American Hotel Annex at 6:30 p. m., after which the party

went to the Columbia Theater. Members of the Associated Societies were

invited. The total attendance was 62, of which 29 were guests.

Joseph W. Peters, Assistant Secretary.

The 828th meeting of the Club was held Saturday, October 23, 191 5,

as an inspection Trip to the new By-Product Coke Oven Plant of the

Laclede Gas Light Co., by the Associated Engineering Societies of St.

Louis, under the auspices of the Engineers' Club. The total attendance

was 120.

Four parlor cars were furnished by the Laclede Gas Light Co.,

which left Eighth and Pine streets at 1 130 o'clock. At the plant was
viewed the latest methods of storing and preparing coal, the manu-
facture of coke on a large scale and the treatment of gas for the re-

covery of the by-products, etc. After the party had been taken through

the plant by guides, they were served a light luncheon.

Joseph W. Peters, Assistant Secretary.

The 829th meeting of the Club was held in the auditorium of the

Soldan High School, Tuesday, October 26, 1915, at 8:15 p. m., as a Joint

Meeting of the Associated Engineering Societies of St. Louis, under the

auspices of the St. Louis Branch of the A.S.M.E. A number of local

organizations were invited to attend. The total attendance was estimated

at 1,200. Mr. Edward Flad presided.

Dr. John A. Brashear, President of the American Society of Mechan-

ical Engineers, delivered an illustrated lecture on "The World's Great

Telescopes and Discoveries Made by Their Use."

Following the meeting an informal reception was held in honor of Dr.

Brashear.

Adjourned 10:15 p. m.

Joseph W. Peters, Assistant Secretary.

The 830th meeting of the Club was held in the Club Rooms, Wed-
nesday, November 3, 1915, at 8:15 p. m., President John W. Woermann
presiding. The total attendance was 75.

The minutes of the 826th, 827th, 828th and 829th meetings of the Club

were read and approved.

In accordance with Section 12 of the By-laws, the members present

elected the following Nominating Committee : Messrs. John Hunter, E. R.

Kinsey, Herman Pfeifer and G. M. Curry. Past President A. P. Greens-

felder. in accordance with the By-laws, acts as Chairman of the Com-
mittee.
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President Woermann asked for an expression of opinion from those

present as to the desirability of having a course of lectures on Military

Engineering delivered before the Club. About 75 per cent of those present

voted in favor of such lectures.

President Woermann explained the unavoidable absence of Mr. F. G.

Jonah, Chief Engineer of the St. Louis and San Francisco Railroad, who
was to have presented his paper before this meeting, and introducd Mr.

H. E. Burns, assistant to Mr. Jonah, who read the paper for him,

entitled, "Suggested Improvements in the Terminal Situation in St.

Louis." The paper was profusely illustrated by maps and photographic

slides. Discussion followed, participated in by Messrs. B. L. Brown,

H. Pfeifer, Col. Townsend, C. S. Butts, S. W. Bowen and E. R. Kinsey.

Suggestions were made that the paper be published in the Journal and

further discussion invited.

Adjourned 10.45 p. m.

Joseph W. Peters,, Assistant Secretary.



Association
of

Engineering Societies

Vol. 55. DECEMBER, 1915. No. 5

PROCEEDINGS.

The Engineers' Club of St. Louis

The 831st meeting of the Club was held in the Club Rooms, Wednes-

day, November 10, 1915, at 8:15 p. m., as a Joint Meeting of the Associated

Engineering Societies of St. Louis, under the auspices of the St. Louis

Section of the American Institute of Electrical Engineers. President

John W. Woermann called the meeting to order. The total attendance

was 49.

After the reading of the minutes the Secretary read a resolution

addressed to the Engineers' Club, adopted at the final session of the

314th meeting of the American Institute of Electrical Engineers, held at

the Planters' Hotel, October 19 and 20, 1915, expressing thanks and

appreciation of the services rendered and the hospitable manner in which

the visitors were entertained.

President Woermann called upon Mr. S. N. Clarkson, Chairman of

the St. Louis Section of the A. I. E. E. to preside. Mr. Clarkson ex-

pressed thanks on behalf of the St. Louis Section for the aid of the

Engineers' Club in making the session of the 19th and 20th a success,

and presented to the Club a framed photograph of the members and

guests atending that meeting.

Following the routine business before the St. Louis Section of the

A. I. E. E., the presiding officer introduced Mr. C J. Carlsen, of the

Commonwealth-Edison Co., of Chicago, who presented an illustrated

paper on "The Use of Electricity in the Manufacture of Ice." Discussion

followed.

Adjournment, 10:30 p. m.

Joseph W. Peters, Assistant Secretary.

The 832nd meeting of the Club was held in the Club Rooms, Wed-
nesday, November 17, 1915, at 8:15 p. m., First Vice-President, W. E.

Rolfe presiding. The total attendance was 85.

The minutes of the 830th and 831st meetings of the Club were read

and approved and the minutes of the 574th meeting of the Executive

Committee were read.

The papers of the evening were on the Mill Creek Sewer Design and
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Construction. Mr. W. W. Horner, Engineer in Charge of Design,

Sewers and Paving, City of St. Louis, gave a brief history of the sewer

system of St. Louis and particularly that for the Mill Creek Valley.

He made a comparison of the old and new methods of design and out-

lined studies of the several routes for the new Mill Creek Relief Sewer

and discussed the adopted plan. The Chairman explained the unavoidable

absence of Mr. Clinton H. Fisk, Chief Engineer, Construction Sewers

and Paving, City of St. Louis, who was to have presented his paper

before this meeting, and introduced Mr. Harvey S. Owen assistant to

Mr. Fisk, who presented the paper for him, which dealt with the con-

struction of the sewer. Following Mr. Owen, Mr. R. C. Gans, one of

the engineers on this work, read a short paper on the arrangements for

carrying the alignment. The papers were profusely illustrated by stere-

optican views.

Adjourned, 11:00 p. m,

Joseph W. Peters, Assistant Secretary.

The 833rd meeting of the Club was held in the Club Rooms, Wednes-
day, November 24, 1915, at 8:15 p. m., as a Joint Meeting of the As-

sociated Engineering Societies of St. Louis, under the auspices of the

St. Louis Association of Members of the American Society of Civil

Engineers. Mr. Edward E. Wall presided. The total attendance was

The minutes of the last joint meeting were read and approved.

Mr. Wall introduced Admiral H. R. Stanford, Ul S. N., Chief of the

Bureau of Yards and Docks, who presented the paper of the evening on

"The Pearl Harbor Dry Dock." The paper was illustrated by stereop-

tican views and several models. A brief discussion followed.

A rising vote of thanks was extended the speaker.

Adjourned, 10:45 P- m -

Joseph W. Peters, Assistant Secretary.

The 834th meeting of the Club was held in the Club Rooms, Wednes-

day, December 1, 1915, at 8:15 p. m., as a Joint Meeting of the As-

sociated Engineering Societies of St. Louis, under the auspices of the

St. Louis Branch of the American Society of Engineering Contractors.

President John W. Woermann called the meeting to order. The total

attendance was 47.

The minutes of the last Joint Meeting were read and approved.

The following report of the Nominating Committee of the Club was

read

:

President F. E. Bausch
First Vice-President H. I. Finch
Second Vice-President - F. G. Jonah
Third Vice-President J. T. Garrett

Treasurer F. T. Cutts

Director W. E. Rolfe
Director O. F. Harting
Director W. O. Pennell
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''Due to several changes effective for the first time during
the coming year, such, that a Secretary be appointed instead of
elected ; that an additional Vice-President and Director are added
to the Executive Committee ; that the Board of Managers of the

Journal is dissolved, we are abiding by the proposed amendment
to the by-laws, approved by the Legislative Committee and printed
in the November issue of the Bulletin. Under this arrangement
the offices of Secretary and Librarian are consolidated ; the names
and duties of the standing committees have been re-arranged
and the editing of the proposed journal of the St. Louis Club
will be taken care of by one of the proposed committees."

Respectfully submitted,
A. P. Greens]'elder, John Hunter, G. M. Curry, E. R.
Kinsey, H. J. Pfeifer.

President Woermann called upon Mr. J. T. Garrett, Chairman of

the St. Louis Branch of the A. S. E. C, to preside. Mr. Garrett pre-

sented Mr. H. F. Hackedorn, President of the American Society of

Engineering Contractors and President of the Hackedorn Contract Co.,

of Indianapolis, Ind., who read the paper of the evening, entitled, "Equit-

able Specifications and Contracts." An interesting discussion followed.

Adjourned, 10:30 p. m.

Joseph W. Peters, Assistant Secretary.

The 835th meeting of the Club was held in the Club Rooms, Wed-
nesday, December 8, 1915, at 8:15 p. m., as a Party Meeting with and under

the auspices of the St. Louis Section of the American Institute of Elec-

trical Engineers. Mr. S. X. Clarkson presided. The total attendance

was 59. ,

Mr. W. L. Berry. Industrial Engineer, Union Electric Light & Power
Co., read an illustrated non-technical paper on "The Electric Steel Fur-

nace," which was followed by a brief discussion.

Announcement was made that Mr. W. O. Pennell was elected chair-

man and Mr. George McD. Johns, Secretary of the St. Louis Branch of

the A. I. E. E. for the ensuing year.

Adjourned 10:15 P- m -

Joseph W. Peters, Assistant Secretary.

The 836th meeting of the Club was held in the Club Rooms, Wednes-
day, December 15, 1915, at 8:45 P- m., after adjournment of a Joint

Meeting of the Associated Engineering Societies of St. Louis, at which

the proposed revision of the Joint Regulations was adopted. President

John W. Woermann presided. The total attendance was 55.

The minutes of the 835th meeting of the Club were read and approved

and the minutes of the 575th meeting of the Executive Committee were

read.

The report of the St. Louis Members of the Board of Managers of

the Association of Engineering Societies setting forth the activities

during the past year and giving the present status of the Association,

recommending that the Association be disbanded on December 31, 1915,

and that the money remaining after paying all obligations be divided pro
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rata according to the number of subscribers in each society, was unan-

imously adopted.

The recommendation of the Executive Committee, in view of the

proposed disbanding of the Association of Engineering Societies on

December 31, 1915, and the discontinuance of the publication of its

Journal, that the Club publish a bi-monthly journal, to be known as the

Journal of the Engineers' Club of St. Louis, beginning in January, 1916;

the setting aside of an allotment of $2.50 per member per annum for

that purpose; the establishment of a price of $2.00 per member per

annum for independent subscribers, with single copies at thirty-five

cents; the additional funds necessary to be secured from advertising, was

moved and unanimously carried.

The recommendation of the Executive Committee that Joseph W.
Peters, appointed Secretary of the Club for the year 1916, be paid a

salary of $125.00 per month, 10 per cent on Journal advertising, and re-

mission of dues and incidental expenses, was moved and unanimously

carried.

The President called for the reading of the proposed amendment to

Section 7 of the By-laws. After the reading of the proposed amendment,

Mr. W. E. Rolfe offered the following amendment: "Strike out the

first sentence in the second paragraph as printed in the Bulletin and sub-

stitute the following: "The President shall appoint the chairman of the

standing committee in January. The chairman shall report to the Execu-

tive Committee when so instructed and to the Club at the annual meet-

ing." After some discussion this amendment to the amendment was

unanimously adopted, after which the amendment as amended was

unanimously adopted. Section 7 of the By-laws will now read as follows

:

Sec. 7. STANDING COMMITTEES.—Standing commit-
tees of the Club shall, in addition to the Executive Commit-
tee, include the following : PROGRAM, to provide programs,
secure papers and arrange for inspection trips; MEMBER-
SHIP, to recommend and secure new members and serve as a

reception committee at meetings; HOUSE AND LIBRARY,
to have charge of and maintain the Club quarters and library,

make recommendations for improvements and enlargements

and supervise all changes and additions approved by the Ex-
ecutive Committee; ENTERTAINMENT, to provide enter-

tainment and refreshments and arrange social functions

;

PUBLISHING, to edit and issue all publications and arrange

for publicity of Club activities; PROCEDURE, to recom-
mend revisions of the constitution, by-laws and rules of order;

CIVIC, to ascertain the Club's interest in civic matters and
make recommendations concerning endorsement of or par-

ticipation therein.

The President shall appoint the chairman of the standing

committees in January. The chairmen shall report to the

Executive Committee when so instructed and to the Club at

the annual meeting. Each chairman, in conjunction with the

President, shall select at least four other members of the Club
to serve for the current year on that committee, two of whom
shall have served on the committee the preceding year. He
shall designate one member of the committee as vice-chair-
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man, who, in his absence, will meet bnt not vote with the Ex-
ecutive Committee.

Members may serve on more than one committee. Duties

of the standing committees may be readjusted, increased or

combined by the Executive Committee at any time. Addition-

al committees may be appointed when recommended by the

Executive Committee or the Club.

The President then asked if there were any additional nominations

for officers for 1916. The Assistant Secretary read a petition nominating

Mr. E. D. Smith for President, signed by 116 members of the Club. Mr.

Smith's name was ordered placed in nomination.

Letters were read from Messrs. M. L. Holman, V. K. Hendricks, and

Julius Pitzman, donating books to the Club library, and from H. J. Elson

donating $5.00 to the Motion-picture Fund. Motion was unanimously

carried instructing the Secretary to write letters of thanks to the donors

on behalf of the Club.

The President then called on Mr. Julius Pitzman, who read a very

interesting and instructive illustrated paper on the Administration of

European Cities, with particular reference to the cities of London,

Eremen, Hamburg and Berlin. Prof. C. A. Waldo- and Messrs. C. E.

Smith, J. H. Bernhard, W. Harding DaVis and others, brought out in-

teresting points in the discussion which followed.

Adjournment at 11:00 p. m.
Joseph W. Peters, Assistant Secretary.

The Oregon Society of Engineers

Thursday, November 18, 1915, at 6:00 p. m., The Oregon Society of

Engineers held a meeting in the main dining-room of the Commercial

Club.

After an hour spent in getting better acquainted with ourselves and

each other in the Green Room, about 65 members and guests proceeded to

the eighth floor, where dinner was served. The dining-room was pro-

vided with desks and other school-room furnishings, and seldom has a

teacher had a more unruly group of pupils than did Mr. J. A. Fouilhoux,

who attempted to instruct his classes in some of the elementary principles.

Following the dinner and a half hour of schoolday stunts, President

Wm. S. Turner introduced Mr. J. C. Ralston of Spokane, who spoke at

length upon the "Broader Duties of the Engineer." At the close of Mr.

Ralston's address, Mr. W. H. Graves moved that a vote of thanks be

extended to Mr. Ralston for coming to Portland and speaking before us.

This was carried unanimously.

Mr. Samuel C. Lancaster spoke briefly about the Columbia River

Highway, and told some of the things that prominent men have said

about it.

Upon motion by Mr. D. C. Henny, the meeting adjourned.

Orrin E. Stanley, Secretary.

October 22, 1915, at 8:00 p. m., The Oregon Society of Engineers

held a meeting in the main dining-room of the Commercial Club.
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The meeting was called to order by President Turner, who intro-

duced Mr. Henri' Berger, Jr., and Mr. Frank Ives Jones, color pho-
tographer artists. Mr. Berger gave an illustrated lecture on "The Col-
umbia Highway, Crater Lake, and the Snow-Capped Mountains of
Oregon," while Mr. Jones operated the stereopticon. On hundred and
seventy-eight pictures were shown, and the seating capacity of the room
(400) was taxed, to accommodate the enthusiastic audience.

At the close of the lecture which lasted for more than an hour, the

following motion by Mr. Vorse was carried : "Moved,—that the Society

and its patrons record a vote of thanks to Mr. Henry Berger, Jr., and

Mr. Frank Ives Jones for their great kindness in exhibiting their art,

and to the Portland Commercial Club for contributing the use of their

rooms for our convenience and pleasure."

The president urged members and guests to tarry a while and mingle

socially.

The meeting adjourned at 9 125 p. m.

H. L. Vorse., Secretary pro tem.
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